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1 

COMPOUNDS COMPRISING SULFATED 
NONULONIC ACID HAVING ANTIVIRAL 

ACTIVITY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a novel compound with the 
anti-viral activity and a drug and anti-Viral agent containing 
Said compound as the effective ingredient, more specifically 
relates to a medicine and anti-HV active compound com 
prising the Sulfated nonulonic acid. 

2. Description of the Related Arts 

Azidothymidine (AZT) and dideoxy inosine (DDI) have 
been used as the AIDS remedy. These agents are to inhibit 
the reverse transcriptase of HIV, bringing about apothanasic 
effect to patients, while posing problems that the chronic 
administration of AZT causes myelopathy and that the DDI 
administration results in Side reactions Such as acute pan 
creatitis and peripheral neuropathy. Furthermore, the use of 
either drug eventually results in the generation of virus 
resistant to these drugs. 

Recently, the Sulfated polysaccharide has been expected 
as a promising AIDS remedy. It is well known that poly Sul 
fated compounds Such as dextransulfate (I) (Japanese Patent 
Laid-Open Publication No. Sho63-45233), polyvinyl alco 
hol sulfate (II) (Antimicrob. Agents Chemother. 34, 
134-138 (1990)), oligosaccharide sulfate (Japanese Patent 
Laid-Open Publication No. Hei2-304025) inhibit the prolif 
eration of HIV. These compounds are produced simply by 
binding the Sulfate group to polysaccharides, oligosaccha 
rides or organic polymeric molecules. 

In addition, the sulfated modified cyclodextrin (III) is 
cyclodextrin to which lipid-Soluble groupS Such as aryl-, 
alkyl-groups are introduced, and also has the proliferation 
inhibiting activity against retroviruses, HV in particular 
(Japanese Patent Laid-Open Publication No. Hei4-136001). 
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2 
-continued 

III) 

In addition, as a Virucide comprising the Sulfated polysac 
charide as the active ingredient is disclosed the one using an 
acyl derivative of a Sulfated oligosaccharide glycoside 
(Japanese Patent Laid-Open Publication No. Hei6-256373). 
At first, it was conceived that the virucidic activity of 

Sulfated polysaccharides was due to their reverse tran 
Scriptase inhibiting activities, and now it is thought to be due 
to the interaction between the Sulfated polysaccharide and 
the coat protein gp120 of HIV. 

However, Since Sulfated polysaccharides generally have 
the inhibitory activity for the blood coagulation system 
(anticoagulant activity), they have not been accepted as the 
Suitable medicine. 

DISCLOSURE OF THE INVENTION 

This invention has been developed in view of the above 
mentioned problems, aiming at providing the anti-viral 
compound with a relatively weak anti-blood coagulating 
activity and a low cytotoxicity, especially the one with the 
anti-HIV activity. 
The present inventors have actively pursued the Study to 

resolve the above-mentioned problems, establishing that the 
following compounds are useful for attaining the above 
described purpose and completing the present invention. 

(1) A compound having all hydroxyl groups of the Sugar 
moiety of glycoside comprising monosaccharide-lipid 
Sulfated or the salt thereof, wherein said lipid moiety is 
bound to the anomeric position of Said Sugar moiety. 

(2) The compound or the Salt thereof according to (1), 
wherein Said Sugar and lipid moieties are connected by 
the O-glycosidic linkage or the S-glycosidic linkage. 

(3) The compound or the Salt thereof according to (2), 
wherein Said lipid is linear, and Said linear lipid has a 
branched Structure. 

(4) A compound or the salt thereof, wherein all hydroxyl 
groups of nonuloic acid moiety of the glycoside com 
prising a monosaccharide-lipid with Said lipid bound to 
the anomeric position of nonuroic acid derivative are 
Sulfated. 

(5) A compound or the salt thereof, wherein all hydroxyl 
groups of sialic acid moiety or KDN moiety of the 
glycoside comprising a monosaccaride-lipid with Said 
lipid bound to the anomeric position of Sialic acid or 
KDN are Sulfated. 
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(6) The compounds or the salts thereof according to (5), 
wherein the binding of said sialic acid moiety or KDN 
moiety to the lipid moiety is either the O-glycosidic of 
S-glycosidic linkage at position 2 of Said moiety or the 
amidic linkage at position 1 of Said residue. 

(7) The compound or the Salt thereof according to (6), 
wherein Said lipid is a linear lipid, and this lipid has a 
branched Structure. 

(8) The compound or the salt thereof according to (7), 
wherein Said branched chain is localized at position 2 
of the main chain of Said lipid moiety. 

(9) The compound or the salt thereof according to (8), 
wherein Said lipid moiety has a forked two chain 
Structure due to Said branching. 

(10) The compound or the salt thereof according to (9), 
wherein Said lipid moiety has an alkyl group with the 
Skeleton-forming carbon atoms from 1 to 4 at Said 
branching site. 

e COmpound Or the Salt thereOf according to O 11) Th pound or the salt thereof ding to (9 
(10), wherein the total number of said lipid skeleton 
forming atoms is from 22 to 60. 

(12) The compound or the Salt thereof according to (11), 
wherein Said branched chain comprises a carbon 
carbon unsaturated bond. 

(13) The compound or the Salt thereof according to (11), 
wherein Said branched chain is linear. 

(14) The compound or the Salt thereof according to (11), 
wherein Said branched chain has an ester linkage or 
ether linkage, respectively. 

(15) The compound or the Salt thereof according to (14), 
wherein said ester linkage or ether linkage is localized 
at positions 1 or 2 of Said branched chain. 

(16) The compound or the Salt thereof according to (11), 
wherein the number of skeleton-forming atoms is from 
10 to 28 per one branched chain. 

(17) The compound or the salt thereof according to (16), 
wherein the number of skeleton-forming atoms is from 
18 to 26 per one branched chain. 

(18) The compound or the salt thereof according to (17), 
wherein the number of skeleton-forming atoms is from 
24 per one branched chain. 

(19) The compound or the salt thereof according to (18), 
wherein Said forked branched chains are of the same 
length, respectively. 

(20) The compound or the salt thereof according to (19), 
wherein Said forked branched chains are of the same, 
respectively. 

(21) The compound or the salt thereof according to (20), 
wherein said branched chain has the ester bond or the 
ether linkage at its position 1 or 2. 

(22) The compound or the Salt thereof according to (21), 
wherein Said branched chain is linear. 

(23) A medicine comprising the compound according to 
anyone of (1) to (3) in a pharmaceutically effective 
dosage. 

(24) An antiviral drug containing the compound according 
to anyone of (1) to (3) in a pharmaceutically effective 
dose. 

(25) An anti-HIV drug containing the compound accord 
ing to anyone of (1) to (3) in a pharmaceutically 
effective dose. 

(26) A drug containing the compound according to anyone 
of (1) to (21) in a pharmaceutically effective dose. 
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(27) An antiviral drug containing the compound according 

to anyone of (1) to (21) in a pharmaceutically effective 
dose. 

(28) An anti-HIV drug containing the compound accord 
ing to anyone of (1) to 

(21) in a pharmaceutically effective dose. 
Drugs (23 and 26), furthermore, antiviral drugs (24 and 

27), especially anti-HIV drugs (24 and 27) containing com 
pounds according to any one of the above-described (1) to 
(22) are within the scope of the present invention. However, 
Since drugs, anti-Viral drugs and anti-HIV drugs containing 
the compounds according to any one of the above-described 
(5) to (22) in pharmaceutically effective doses have lower 
anti-coagulant activity as well as lower biological toxicity 
than those containing compounds according to any one of 
the above-described (1) to (3), the former group of drugs are 
pharmaceutically useful. It has been confirmed that, of the 
above-described compounds, particularly, those having 24 
skeleton-forming atoms per one branched chain (24), 
furthermore, each of said branched chains of which has the 
Same Structure, is linear and has the ether bond at its position 
1 or 2, are pharmaceutically useful (examples 12, 13, 29, 50 
and 59). 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Definition of the Terms 
AS used in this specification, by the term “nonuloic acid” 

is meant the same nonuloic acid as used generally, an acidic 
carbohydrate having a carboxyl group at its position 1 and 
9 carbon atoms. Accordingly, “nonuloic acid derivatives' 
used in this specification include neuraminic acid (5-amino 
3,5-dideoxy-D-glycero-D-galacto-nonuloic acid) and 
neuraminic acid derivatives. Since the later-described “sialic 
acid' is an acyl derivative of neuraminic acid, it is also 
included in “nonuloic acid derivatives'. 
By “KDN' used in this specification is meant 2-keto-3- 

deoxy-D-glycero-2-nononic acid. And, by “sialic acid used 
in this specification is meant the generic name for a Series of 
derivatives of Substances having the neuraminic acid as the 
basic structure (Yasuo Inoue, Seitai Bunsi no Kagaku, ToSitu 
no Kagaku (Chemistry of Biomolecules 1, Chemistry of 
Carbohydrates), p80-81, Baifukan), and acyl derivatives, 
more Specifically, Such as N-acetylneuramic acid and 
N-glycolylneuramic acid are also included therein. 
By "forked two chains” (for example, (9)) is meant a 

Structure constructed with two chains having more than 7 
skeleton-forming atoms. Accordingly, alkyl groupS accord 
ing to (10), wherein the total number of their skeleton 
forming atoms is 1 to 4, are not included in “chain' 
constructing "forked two chains”. 
By "skeleton-forming atoms” is meant atoms constructing 

the Skeleton of the chain, including carbon atom, oxygen 
atom, nitrogen atom, Sulfur atom, etc. However, monovalent 
atom, Such as hydrogen atom, is not included in the 
"skeleton-forming atoms', because it cannot construct the 
skeleton portion of the chain. 
By “salt” is meant the sodium and potassium salts which 

are required to neutralize the intramolecular carboxylic acid 
and Sulfonic acid, to which cations bind So as not to decrease 
the biological activity. AS to the cations bound to Said acids, 
any cations which do not lower the biological activity of the 
compounds related to the present invention may be used. 

Sugars 
In principle, the compound related to this invention is a 

glycosidic compound and the Salt thereof comprising a 
Sugar-lipid with Said lipid bound to the anomeric carbon of 
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Said Sugar, wherein hydroxyl groups of Said Sugar moiety are 
all Sulfated, having an excellent anti-retroviral activity (the 
above-described (1)). Although there have been hitherto 
found the Sulfated Sugars with the anti-retroviral activity, the 
glycoside comprising a Sugar-lipid with Sulfate group intro 
duced and having the anti-retroviral activity has not been 
discovered. In this respect, this invention is valuable in 
finding that a glycoside comprising a Sugar-lipid with the 
sulfate groups fully (100%) introduced or the derivative 
thereof has an excellent anti-viral activity. 
When the Sugar moiety of Said glycoside is Sialic acid or 

KDN, the glycoside not only has the Strong anti-viral 
activity, but also lower cytotoxicity, and can preferably 
achieve the main purpose as medicine (the above-described 
(5) to (22), (26) to (28)). And, in this case, the hydroxyl 
groups of the Sugar moiety of the compound related to the 
present invention to be all sulfated to form the wholly 
Sulfated nonulonic acid (the above-described (4)) are at 
positions 4, 7, 8 and 9 when nonulonic acid is 
N-acetylneuramic acid, and the glycolyl hydroxyl group at 
position 5, in addition to the hydroxyl groups at the positions 
4, 7, 8 and 9. In the case wherein nonulonic acid is KDN, all 
the hydroxyl groups at positions 4, 5, 7, 8 and 9 are Sulfated. 

The bond between the monosaccharide moiety and lipid 
moiety of the compound related to the present invention can 
be of any type. Accordingly, the bond between the monosac 
charide and lipid may be not only the O-glycosidic linkage 
but also S-glycosidic linkage. Furthermore, in the case 
where the Sugar moiety of the compound related to the 
present invention is nonuloic acid, the amide linkage and 
ester linkage can be formed using the carboxyl group at 
position 1, in addition to a glycosidic linkage with the 
carbon atom at position 2. The bond between monosaccha 
ride and lipid in the compound related to the present 
invention can be Such amide linkage and ester linkage. 
Therefore, although, by “glycoside' is generally meant a 
compound wherein the monosaccharide and lipid moieties 
are linked by a glycosidic linkage, by “glycoside' in this 
Specification is meant a compound wherein the monosac 
charide and lipid are bonded not only in a glycosidic linkage 
but also in amide and ester linkages. Accordingly, not only 
compounds having a glycosidic linkage at position 1 of 
monosaccharide Such as glucose or position 2 of nonulonic 
acid but also those having an amide linkage or ester linkage 
at position 1 of nonulonic acid are also in the Scope of 
“glycoside' of the present invention. Therefore, although, 
by “glycoside' is generally meant a compound wherein the 
monosaccharide and lipid moieties are linked by a glyco 
Sidic linkage, by “glycoside' in this specification is meant a 
compound wherein the monosacchharide and lipid are 
bonded not only in a glycosidic linkage but also in amide 
and ester linkages. Accordingly, not only compounds having 
a glycosidic linkage at position 1 of monosaccharide Such as 
glucose or position 2 of nonulonic acid but also those having 
an amide linkage or ester linkage at position 1 of nonulonic 
acid are also in the Scope of “glycoside' of the present 
invention. 

However, in consideration of the overall manufacturing 
easiness and biological activity of these compounds, glyco 
Sides with the O-glycosidic, S-glycosidic, and amide link 
ages are preferred. 

Lipids 
By “lipid” in the compound related to this invention is 

meant the lipid in a broad Sense including Steroid, 
carotinoid, terpenoid, etc., and conceptually even the com 
pound Such as cholesterol. However, the compound related 
to this invention is preferably a linear lipid, which further 
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6 
preferably has the branched chain structure (the above 
described (7)). The branch can be two-forked or three 
forked, located at position 2 of the main chain of the lipid 
moiety. As a result, the lipid is preferably two-forked at the 
f position (B position with respect to the Sugar moiety) of 
said lipid moiety (the above-described (8) and (9)). 
Furthermore, this branching site may have alkyl group with 
the skeleton-forming atoms 1 to 4 (the above-described 
(10)). “Alkyl group with the skeleton-forming atoms 1 to 4” 
herein cited includes, for example, methyl group, ethyl 
group, propyl group, etc. 
The above-described two-forked chain can be a hydro 

carbon chain, which can include heteroatoms Such as 
oxygen, nitrogen, Sulfur, etc. Furthermore, regardless of the 
Species of component atoms, the total number of the 
skeleton-forming atoms of lipid is preferably 22 to 60 (the 
above-described (11)). In addition, the above-described two 
forked chains can have unsaturated bond between carbon 
atoms, respectively (the above-described (12)). Also, 
although the above-described two-forked chain can be fur 
ther branched, they are preferably linear (the above 
described (13)). 

In the case where the above-described two-forked chain 
contains heteroatoms as the component atom, each branched 
chain preferably contains an ester bond or ether bond (the 
above-described (14)), furthermore, said ester bond or ether 
bond is preferably localized at position 1 or 2 of said 
branched chain (the above-described (15)). 

Herein, when the ester bond or ether bond is present at 
position 1 of the branched chain, the compound related to 
this invention will become the Sulfated derivative of Sia 
loglycerolipid with the excellent anti-retroviral activity (In 
this connection, in the case of ether bond present, said 
compound will be an alkyl glycerol wherein a long-chain 
alcohol is linked to the glycerol residue, and in the case of 
ester bond present, said compound will be amylglycerol.). 
Furthermore, in the case where ester bond or ether bond is 
located at position 2 of the branched chain, the glycerol 
residue in the glycerol area is Suitably modified to become 
pseud-glycerol. 
As to the length of branched chains, the number of 

skeleton-forming atom is preferably 10 to 28 (the above 
described (18)), more preferably 18 to 26 (the above 
described (17)), most preferably 24 (the above-described 
(18)). In addition, forked-chains can be of different lengths, 
but preferably of the same length (the above-described (19)), 
most preferably of the same Structure comprised of the same 
component atoms (the above-described (20)). 
Method of Administration 
When compounds related to the present invention are 

used as therapeutics, they are administered Singly or in 
combination with pharmaceutically acceptable medical 
carriers, either organic or inorganic and either Solid or liquid. 
Their compositions are determined according to the 
Solubility, chemical property, administration route and 
Schedule of compounds. 
Compounds related to this invention can be administered 

by any suitable desired administration routes. More 
Specifically, compounds related to this invention can be 
administered intrape ritoneally, Subcutaneously, 
percutaneously, intravenously or intra-arterially, and locally 
injected in the case of animals, and intravenously, intra 
arterially, by local injection, intraperitoneally/intrapleurally, 
orally, Subcutaneously, intramuscularly, Sublingually, 
percutaneously, inhalationally or rectally in the case of 
humans. 
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Dosage form 
When compounds related to the present invention are 

administered as the drug, they can be administered, accord 
ing to the method and purpose of their administration, in the 
form of injection, Suspension, tablet, granule, powder, 
capsule, ointment, cream, Suppository, tape, etc. For prepar 
ing these drugs, Solvent, Solubilizing agent, isotonizing 
agent, preservative, anti-oxidant, excipient, binder, 
lubricant, Stabilizer, etc. can be added. 

Solvents are exemplified, for example, by water, physi 
ological Sodium chloride Solution, etc.; Solubilizing agents, 
for example, by ethanol, polySorbates, chromophore, etc.; 
excipients, for example, by lactic acid, Sucrose, Starch, 
cellulose, crystalline cellulose, dextrin, mannitol, maltose, 
kaolin, calcium hydrogenphosphate, light anhydrous Silicic 
acid, calcium carbonate, etc.; binders, for example, by 
Starch, polyvinylpyrrollidone, hydroxypropyl cellulose, ethyl 
cellulose, carboxymethyl cellulose, gum arabic, etc.; 
disintegrators, for example, by Starch, calcium carboxym 
ethyl cellulose, etc.; lubricants, for example, by magnesium 
Stearate, talc, hydrogenated oil, etc.; Stabilizers, for example, 
by lactose, mannitol, maltose, polySorbates, macrogols, 
polyoxyethylene hydrogenated castor oil, etc. Furthermore, 
glycerol, dimethylacetamide, 70% Sodium lactate, 
Surfactant, basic Substances (Such as Sodium hydroxide, 
ethylenediamine, ethanolamine, Sodium carbonate, arginine, 
meglumine, tris-aminomethane) may be added, if needed. 
Using these components, compounds related to this inven 
tion can be prepared to the dosage forms Such as injections, 
tablets, granules, capsules, etc. 
Compounds related to this invention can be administered 

orally in dosage forms Such as granule, fine granule, powder, 
tablet, heavy Syrup, Soft capsule, Syrup, emulsion, 
Suspension, liposome, liquid preparation, etc. Liquid prepa 
rations Such as emulsion, Syrup, Suspension, liquid drug, etc. 
for oral administration comprise generally used inert 
diluents, for example, water or vegetable oil. These prepa 
rations can also include Supplements, for example, moist 
ening agents, Suspending agents, Sweetening agents, 
aromatics, coloring matters, preservatives, etc., in addition 
to these inert diluents. Liquid preparations may be envel 
oped in capsules made of absorbable materials. Such as 
gelatin. 

For administration by intravenous, intramuscular and 
Subcutaneous injections, compounds may be made in pow 
der form for injection, and prepared for injection prior to 
use. Solvents or Suspending agents for preparing drugs for 
parenteral administration, that is, injections, etc. are 
exemplified, for example, by water, propylene glycol, poly 
ethylene glycol, benzylalcohol, ethyl oleate, lecithin, etc. 
Preparation of pharmaceutics can be carried out according to 
the conventional method. 

Treatment 
It is desirable that clinical dosages are appropriately 

increased and/or decreased according to the age, Symptom, 
presence or absence of Simultaneous administration of other 
drugs. The daily dosage of compounds related to this inven 
tion may be administered once daily, or in two or three 
divided portions at appropriate intervals, or intermittently. In 
View of results of animal experiments and various 
conditions, dosages of compounds related to this invention 
are determined Such that the total dosage does not exceed a 
certain limit regardless of whether they are administered 
once or repeatedly. Needless to Say that the optimum dosage 
is varied according to the method of administration, condi 
tions of patients or animals to be treated Such as age, body 
weight, Sex, Susceptibility, food (diet), time of 
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administration, drugs in joint use, patient's conditions, 
Severity of Symptoms, etc. In addition, the optimal dosage 
and administration frequency under the certain conditions 
must be determined by the Suitable usage determination test 
performed by a medical Specialist according to the above 
describe guideline. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphic representation of the dependency of 
biological activity of two-forked alkylglycerol with a gly 
cosidic linkage on the chain length 

FIG. 2 is a diagram Showing the reaction pathway from 
Examples 1 to 6. 

FIG. 3 is a diagram Showing the reaction pathway from 
Examples 7 to 12. 

FIG. 4 is a diagram Showing the reaction pathway from 
Examples 13 to 17. 

FIG. 5 is a diagram Showing the reaction pathway from 
Examples 18 to 21. 

FIG. 6 is a diagram Showing the reaction pathway from 
Examples 22 to 25. 

FIG. 7 is a diagram Showing the reaction pathway from 
Examples 26 to 29. 

FIG. 8 is a diagram Showing the reaction pathway from 
Examples 30 to 34. 

FIG. 9 is a diagram showing the reaction pathway from 
Examples 35 to 36. 

FIG. 10 is a diagram showing the reaction pathway from 
Examples 37 to 41. 

FIG. 11 is a diagram showing the reaction pathway from 
Examples 42 to 45. 

FIG. 12 is a diagram showing the reaction pathway from 
Examples 46 to 51. 

FIG. 13 is a diagram showing the reaction pathway from 
Examples 52 to 56. 

FIG. 14 is a diagram showing the reaction pathway from 
Examples 57 to 60B. 

FIG. 15 is a diagram showing the reaction pathway from 
Examples 60C to 63. 

FIG. 16 is a diagram showing the reaction pathway from 
Examples 64 to 68. 

Examples 
Synthesis of Compounds 

Example 1 
Sodium methyl 5-acetamido-3,5-dideoxy-4,7,8,9- 

tetra-O-(sodium oxysulfonyl)-D-glycero-O-D- 
galacto-2-nonulopyranosidonate 

Methyl 5-acetamido-3,5-dideoxy-D-glycero-O-D- 
galacto-2-nonulopyranosidonate Chem. Ber., 99, 611 
(1966) (200 mg, 0.58 mmol) and sulfur trioxide 
trimethylamine complex (1600 mg, 11.5 mmol) were stirred 
in anhydrous dimethylformamide (5.8 ml) under the argon 
atmosphere at 80-85 C. for 2 h. The reaction mixture was 
purified directly by Silica gel column chromatography (gel 
209 g, chloroform/methanol/water, 5:4:1), and further 
treated with DoweX 50W-X8 (Na form) resin. The product 
was further purified by gel chromatography (Sephadex 
G-25, 400 ml, water) to obtain the title compound (359 mg, 
82%) as white solid. 

H-NMR (DO) 8: 3.37 (s, 3H, OCH.), 2.88 (dd, 1H, 
J=4.0, 11.7 Hz, H-3eq), 1.97 (s, 3H, NAc), 1.77 (t, 1H, 
J=12.1 Hz, H-3ax). 
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glycerol Japanese Patent Publication No. Hei1-125394 
(132 mg) was reacted by the general procedure according to 
Example 1 to obtain the title compound (125 mg, 53%) as 
white Solid. 

H-NMR (CDOD) 8: 3.07 (dd. 1H, J=5.1, 12.1 Hz, 
H-3eq), 1.95 (s, 3H, NAc), 1.68 (t, 1H, J=12.1 Hz, H-3ax), 
1.36–1.22 (m, 30H, 15CH), 0.90 (t, 3H, J-7.0 Hz, 
CHCH). 

Example 11 

3-O-Sodium 5-acetamido-3,5-dideoxy-4,7,8,9- 
tetra-O-(sodium oxysulfonyl)-D-glycero-B-D- 
galacto-2-nonulopyranosylonate-2-O-(Sodium 

Oxysulfonyl)-1-O-octadecyl-Sn-glycerol 
3-O-Sodium (5-acetamido-3,5-dideoxy-D-glycero-f-D- 

galacto-2-nonulopyranosyl)onate-1-O-octadecyl-Sn 
glycerol Japanese Patent Publication No. Hei1-125394 (66 
mg) was reacted by the general procedure according to 
Example 1 to obtain the title compound (31 mg, 49%) as 
white Solid. 

H-NMR (CDOD) 8: 2.81 (dd. 1H, J=44, 12.1 Hz, 
H-3eq), 2.03 (s, 3H, NAc), 1.88 (t, 1H, J=11.9 Hz, H-3ax), 
1.38–1.17 (m, 30H, 15CH), 0.90 (t, 3H, J-7.0 Hz, 
CHCH). 

Example 12 

3-O-Sodium 5-acetamido-3,5-dideoxy-4,7,8,9- 
tetra-O-(sodium oxysulfonyl)-D-glycero-O-D- 

galacto-2-nonulopyranosylonate-1,2-di-O-docosyl 
Sn-glycerol 

3-O-Sodium (5-acetamido-3,5-dideoxy-D-glycero-O-D- 
galacto-2-nonulopyranosyl)onate-1,2-di-O-docosyl-Sn 
glycerol Japanese Patent Publication No. Hei1-125394 
(502 mg) was reacted by the general procedure according to 
Example 1 to obtain the title compound (447 mg, 54%) as 
white Solid. 

H-NMR (CDOD-DO, 1:1, 50° C) 8: 2.96 (br. dd, 1H, 
H-3eq), 1.97 (s.3H, NAc), 1.83 (br. t, 1H, H-3ax), 1.40-1.21 
(m, 76H, 38CH), 0.89 (t, 6H, J=6.4 Hz, 2CHCH). 

Example 13 

3-O-Sodium 5-acetamido-3,5-dideoxy-4,7,8,9- 
tetra-O-(sodium oxysulfonyl)-D-glycero-B-D- 

galacto-2-nonulopyranosylonate-1,2-di-O-docosyl 
Sn-glycerol 

3-O-Sodium (5-acetamido-3,5-dideoxy-D-glycero-f-D- 
galacto-2-nonulopyranosyl)onate-1,2-di-O-docosyl-Sn 
glycerol Japanese Patent Publication No. Hei1-125394 (44 
mg) was reacted by the general procedure according to 
Example 1 to obtain the title compound (25 mg, 40%) as 
white Solid. 

H-NMR (CDC1-CDOD-DO, 3:4:2) 8: 2.75 (br. dd, 
1H, H-3eq), 2.02 (s, 3H, NAc), 1.89 (br. t, 1H, H-3ax), 
1.40–1.18 (m, 76H, 38CH), 0.89 (t, 6H, J=6.6 Hz, 
2CHCH). 

Example 14 

3-S-Sodium 5-acetamido-3,5-dideoxy-4,7,8,9- 
tetra-O-(sodium oxysulfonyl)-D-glycero-O-D- 
galacto-2-nonulopyranosyl-onate-1,2-di-O- 

tetradecyl-Sn-thioglycerol 
3-S-Sodium (5-acetamido-3,5-dideoxy-D-glycero-O-D- 

galacto-2-nonulopyranosyl)onate-1,2-di-O-tetradecyl-Sn 
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thioglycerol Japanese Patent Laid-Open Publication No. 
Sho64-52794 (41 mg) was reacted by the general procedure 
according to Example 1 to obtain the title compound (47 mg, 
77%) as white solid. 

H-NMR (CDOD) 8: 3.17 (dd, 1H, J=5.1, 12.1 Hz, 
H-3eq), 1.92 (s, 3H, NAc), 1.77 (t, 1H, J=11.7 Hz, H-3ax), 
1.41–1.23 (m, 44H, 22CH), 0.90 (t, 6H, J=7.1 Hz, 
2CHCH). 

Example 15 
3-O-Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3, 

5-dideoxy-D-glycero-O-D-galacto-2- 
nonulopyranosyl)onate-1,2-di-O-eicosyl-Sn 

glycerol 

A 3-O-benzyl-1,2-di-O-eicosyl-Sn-glycerol 
3-O-Benzyl-Sn-glycerol Agric. Biol. Chem., 46, 255 

(1982) (300 mg, 1.65 mmol), 1-bromo-eicosane (2.38 g, 
6.58 mmol) and pulverized sodium hydroxide (293 mg, 7.33 
mmol) were azeotropically heated at reflux in benzene (10 
ml) for 2 days to remove water from the mixture. After the 
reaction Solution was diluted with ether and washed with 
water, the organic layer was dried over anhydrous magne 
sium Sulfate and then condensed in vacuo. The residue was 
purified by Silica gel column chromatography (100 g of gel, 
hexane:toluene=3:2) to obtain the title compound (929 mg, 
76%) as white powder. 

H-NMR (CDC1) 8: 7.34-7.26 (m, 5H, CH), 4.55 (s, 
2H, CHPh), 1.25 (m, 68H, 34H), 0.88 (t, 6H, J=6.6 Hz, 
2CHCH). 

B 1,2-Di-O-eicosyl-Sn-glycerol 
3-O-benzyl-1,2-di-O-eicosyl-Sn-glycerol (1.47 g, 1.98 

mmol) and 10% palladium-charcoal (200 mg) were stirred in 
ethyl acetate (30 ml) under the hydrogen atmosphere at 
room temperature for 18 h. The reaction mixture was filtered 
through celite, and the filtrate was concentrated in vacuo to 
obtain the title compound (934 mg, 72%) as white powder. 

H-NMR (CDC1) 8: 1.25 (m, 68H,34CH), 0.88 (t, 6H, 
J=6.6 Hz, 2CHCH). 

C 3-O-Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl 
3,5-dideoxy-D-glycero-O-D-galacto-2- 

nonulopyranosyl)onate-1,2-di-O-eisosyl-Sn 
glycerol 

A mixture comprising 1,2-di-O-eicosyl-Sn-glycerol (497 
mg, 0.76 mmol), methyl 5-acetamido-4,7,8,9-tetra-O- 
acetyl-2-chloro-2,3,5-trideoxy-D-glycero-B-D-galacto-2- 
nonulopyranosonate Chem. Ber, 99, 611 (1966) (422 mg, 
0.83 mmol), mercury (II) cyanide (336 mg, 1.33 mmol), 
mercury (II) bromide (478 mg, 1.33 mmol) and dried 
molecular sieve 4A (1.0 g) in anhydrous chloroform (5.0 ml) 
was stirred under the nitrogen atmosphere at room tempera 
ture overnight. After the reaction mixture was filtered, the 
filtrate was concentrated in vacuo, and purified by interme 
diary pressure Silica gel column chromatography (125 g of 
gel, toluene:ethyl acetate=3:2) to obtain the title compound 
(390 mg, 46%) as white power. 

H-NMR (CDC1) 8: 3.79 (s, 3H, OCH), 2.60 (dd, 1H, 
J=4.8, 12.8 Hz, H-3eq.), 2.14, 2.13, 2.06, 2.04, 1.88 (5s, 
15H, 5Ac), 1.98 (t, 1H, J=12.8 Hz, H-3ax.), 1.25 (m, 68H, 
34CH), 0.88 (t, 6H, J=7.0 Hz, 2CHCH). 

Example 16 
3-O-Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 

dideoxy-D-glycero-O-D-galacto-2-nonulopyranosyl)onate 
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1,2-di-O-eicosyl-Sn-glycerol (455 mg, 0.40 mmol) and 
sodium methoxide was stirred in a mixture (13 ml) of 
THF:methanol (1:1) overnight. To this reaction mixture was 
added 3N sodium hydroxide (380 ul), and the mixture was 
stirred at 60° C. for 1 h. After the reaction mixture was 
concentrated in vacuo, the residue was dissolved in ethanol 
and water, and the Solution was adjusted to pH 2 with formic 
acid. Precipitates were collected by filtration, washed Suc 
cessively with water, methanol and ether, and dried in vacuo 
to obtain the title compound (365 mg,96%)as white powder. 

H-NMR (CDC1-CDOD, 1:1) 8: 2.79 (dd, 1H, J-39, 
12.3 Hz, H-3eq.), 2.03 (s, 3H, NAc), 1.69 (t, 1H, J=11.5 Hz, 
H-3ax.), 1.43–1.20 (m, 68H, 34CH), 0.89 (t, 6H, J=7.0 Hz, 
2CHCH). 

Example 17 

3-O-Sodium 5-acetamido-3,5-dideoxy-4,7,8,9- 
tetra-O-(sodium oxysulfonyl)-D-glycero-O-D- 

galacto-2-nonulopyranosylonate-1,2-di-O-eicosyl 
Sn-glycerol 

3-O-(5-Acetamido-3,5-dideoxy-D-glycero-O-D-galacto 
nonulopyranosonic acid) -2-yl-1,2-di-O-eicosyl-Sn 
glycerol (241 mg) was reacted by the general procedure 
according to Example 1 to obtain the title compound (236 
mg, 67%) as white solid. 

H-NMR (CDOD) 8: 3.02 (dd. 1H, J=44, 12.4 Hz, 
H-3eq.), 1.92 (s, 3H, NAc), 1.80 (t, 1H, J=11.0 Hz, H-3ax.), 
1.44–1.13 (m, 68H, 34CH), 0.909 (t, 6H, J=6.8 Hz, 
2CHCH). 

Example 18 

3-O-Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3, 
5-dideoxy-D-glycero-O-D-galacto-2- 

nonulopyranosylonate-1,2-di-O-tetracosyl-Sn 
glycerol 

A 3-O-Benzyl-1,2-di-O-tetracosyl-Sn-glycerol 

3-O-Benzyl-Sn-glycerol Agric. Biol. Chem., 46, 255 
(1982) and 1-bromo-tetracosane J. Am. Chem. Soc., 115, 
3840 (1993) were reacted by the general procedure accord 
ing to Example 1 to obtain the title compound (236 mg, 
67%) as white solid. 

H-NMR (CDC1) 8: 7.34-7.26 (m, 5H, CH), 4.55 (s, 
2H, 84H, 42CH), 0.88 (t, 6H, J=6.6 Hz, 2CHCHH). 

B 1,2-Di-O-tetracosyl-Sn-glycerol 
3-O-Benzyl-1,2-di-O-tetracosyl-Sn-glycerol (1.47 g) was 

reacted in a mixture (30 ml) of toluene-ethyl acetate (1:1) by 
the general procedure according to 15-B to obtain the title 
compound (0.80 g, 66%) as white solid. 

H-NMR (CDC1,) 8: 1.25 (m, 84H, 42CH), 0.88 (t, 6H, 
J=6.6 Hz, 2CHCH). 

C 3-O-Methyl(5-acetamido-4,7,8,9-tetra-O-acetyl 
3,5-dideoxy-D-glycero-O-D-galacto-2- 

nonulopyranosylonate-1,2-di-O-tetracosyl-Sn 
glycerol 

1,2-Di-O-tetracosyl-Sn-glycerol (497 mg, 0.76 mmol) 
and methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2-chloro-2, 
3,5-trideoxy-D-glycero-B-D-galacto-2-nonulopyranoSonate 
Chem. Ber, 99, 611 (1966) (422 mg, 0.83 mmol) were 
reacted by the general procedure according to 15-C to obtain 
the title compound (224 mg, 14%) as white solid. 
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14 
H-NMR (CDC1) 8: 3.79 (s, 3H, OCH), 2.60 (dd, 1H, 

J=4.8, 12.8 Hz, H-3eq), 2.14, 2.13, 2.04, 2.03, 1.88 (5s, 15H, 
5Ac), 1.98 (t, 1H, J=12.8 Hz, H-3ax), 1.25 (m, 84H, 42CH), 
0.88 (t, 6H, J=6.6 Hz, 2CHCH). 

Example 19 

3-O-(5-Acetamido-3,5-dideoxy-D-glycero-O-D- 
galacto-nonulopyranoSonic acid)-2-yl-1,2-di-O- 

tetracosyl-Sn-glycerol 
3-O-Methyl(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 

did e o Xy-D-glycero - C. -D-galac to-2- 
nonulopyranosyl-onate-1,2-di-O-tetracosyl-Sn-glycerol 
(240 mg) was reacted by the general procedure according to 
Example 16 to obtain the title compound (160 mg, 79%) as 
white Solid. 

H-NMR (CDC1-OCDOD, 1:1) 8: 2.81 (dd. 1H, J-3.7, 
12.1 Hz, H-3eq), 2.03 (s, 3H, NAc), 1.66 (t, 1H, J=11.3 Hz, 
H-3ax), 1.38–1.16 (m, 84H, 42CH), 0.89 (t, 6H, J=6.8 Hz, 
2CHCH). 

Example 20 

3-O-Sodium{5-acetamido-3,5-dideoxy-4,7,8,9- 
tetra-O-(sodium oxysulfonyl)-D-glycero-O-D- 
galacto-2-nonulopyranosyl-onate-1,2-di-O- 

tetracosyl-Sn-glycerol 

3-O-(5-Acetamido-3,5-dideoxy-D-glycero-O-D-galacto 
nonulopyranoSonic acid) reacted by the general procedure 
according to Example 1 to obtain the title compound (21 mg, 
19%) as white solid. 

H-NMR (CDOD-DO, 1:1, 50° C) 8: 2.96 (br. dd, 1H, 
H-3eq), 2.01 (s.3H, NAc), 1.81 (br. t, 1H, H-3ax), 1.36-1.10 
(m, 84H, 42CH), 0.89 (t, 6H, J=6.4 Hz, 2CHCH). 

Example 21 

3-O-Methyl(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-D-glycero-O-D-galacto-2-nonulopyranosyl) 

onate-1,2-di-O-hexacosyl-Sn-glycerol 

A 3-O-Benzyl-1,2-di-O-hexacosyl-Sn-glycerol 

3-O-Benzyl-Sn-glycerol Agric. Biol. Chem., 40, 391 
(1976) (242 mg) and 1-bromohexacosane Agric. Biol. 
Chem., 46,255 (1982) (1.30 g) were reacted by the general 
procedure according to Example 15-A. Then, the compound 
thus obtained was, without purification, Subjected to the 
debenzylation by the general procedure according to 
Example 15-B to obtain the title compound (615 mg, 57%) 
as white Solid. 

H-NMR (CDC1) 8: 1.25 (m, 92H, 46CH), 0.88 (t, 6H, 
J=6.6 Hz, 2CHCH). 

B 3-O-Methyl(5-acetamido-4,7,8,9-tetra-O-acetyl 
3,5-dideoxy-D-glycero-O-D-galacto-2- 

nonulopyranosyl)onate-1,2-di-O-hexacosyl-Sn 
glycerol 

1,2-Di-O-hexacosyl-Sn-glycerol (610 mg, 0.74 mmol) 
and methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2-chloro-2, 
3,5-trideoxy-D-glycero-B-D-galacto-2-nonulopyranoSonate 
Chem. Ber, 99, 611 (1966) (454 mg., 0.89 mmol) were 
reacted by the general procedure according to Example 15-C 
to obtain the title compound (76 mg, 8%) as white solid. 

H-NMR (CDC1) 8: 3.79 (s, 3H, OCH), 2.60 (dd, 1H, 
J=4.8, 12.8 Hz, H-3eq), 2.14, 2.13, 2.04, 2.02, 1.88 (5s, 15H, 
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drated dimethylformamide (30 ml) at room temperature for 
15 min. Then, the reaction Solution was cooled in ice, and 
docosyl bromide (7.1 g, 18.3 mmol) and benzene (10 ml) 
were added thereto, and the resulting mixture was stirred at 
room temperature for 16 h. The reaction Solution was 
concentrated in vacuo, and the residue was Suspended in 
chloroform, and washed with 2NHC1. The organic layer was 
dried over anhydrous magnesium Sulfate, and concentrated 
in vacuo. The residue was purified by Silica gel column 
chromatography (130 g of gel, toluene/ethyl acetate, 19:1) to 
obtain the title compound (2.32 g, 38%) as white powder. 

H-NMR (CDC1) 8: 3.56 (d. 2H, J-5.9 HZ, CHOH), 
1.26 (m, 76H, 38CH), 0.88 (t, 6H, J=6.6 Hz, 2CHCH), 
0.85 (s, 3H, CCH). 

B Methyl 2,2-bis(docosyl oxymethyl)propyl 5 
acetamido4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D- 
glycero-O-D-galacto-2-nonulopyranosidonate 

2,2-Bis(docosyl oxymethyl)propanol (1.20 g, 1.63 mmol) 
and methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2-chloro-2, 
3,5-trideoxy-D-glycero-B-D-galacto-2-nonulo pyranoSonate 
Chem. Ber, 99, 611 (1966) (91.3 mg, 1.79 mmol) were 
reacted by the general procedure according to Example 15-C 
to obtain the title compound (786 mg, 40%) as white solid. 

H-NMR (CDC1,) 8: 3.78 (s, 3H, COOCH), 2.57 (dd, 
1H, J=44, 12.8 Hz, H-3eq.), 2.13, 2.12, 2.04, 2.02, 1.88 (5s, 
15H, 5Ac), 1.95 (t, 1H, J=12.5 Hz, H-3ax.), 1.25 (m, 76H, 
38CH), 0.90 (s, 3H, CCH), 0.88 (t, 6H, J=7.0 Hz, 
2CHCH). 

Example 28 
2.2-Bis(docosyl oxymethyl)propyl 5-acetamido-3,5- 

dideoxy-D-glycero-O-D-galacto-2- 
nonulopyranosidonic acid 

Methyl 2,2-bis(docosyl oxymethyl)propyl-5-acetamido 
4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-O-D-galacto 
2-nonulopyranosidonate (786 mg) was reacted by the gen 
eral procedure according to Example 16 to obtain the title 
compound (599 mg, 90%) as white solid. 

H-NMR (CDC1-CDOD, 1:1, 60° C) 8: 2.79 (dd. 1H, 
J=4.8, 12.8 Hz, H-3eq), 2.02 (s, 3H, NAc), 1.75 (t, 1H, 
J=11.9 Hz, H-3ax), 1.36–1.22 (m, 76H,38CH), 0.92 (s.3H, 
CCH), 0.89 (t, 6H, J=6.8 Hz, 2CHCH). 

Example 29 
Sodium 2,2-bis(docosyl oxymethyl)propyl 5 
acetamido-3,5-dideoxy-4,7,8,9-tetra-O-(sodium 
Oxysulfonyl)-D-glycero-O-D-galacto-2-nonulo 

pyranosidonate 
2,2-Bis(docosyl oxymethyl)propyl 5-acetamido-3,5- 

dideoxy-D-glycero-O-D-galacto-2-nonulopyranosidonic 
acid (94 mg) was reacted by the general procedure according 
to Example 1 to obtain the title compound (63 mg, 47%) as 
white solid. (599 mg, 90%) as white solid. 

H-NMR (CDOD-DO, 1:1, 60° C) 8: 2.93 (br. dd, 1H, 
H-3eq), 1.96 (s.3H, NAc), 1.80 (br. t, 1H, H-3ax), 1.43–1.16 
(m, 76H,38CH), 0.92 (s.3H, CCH), 0.89 (t, 6H, J=6.6 Hz, 
2CHCH). 

Example 30 
Methyl 2,2-bis(eicosyl oxymethyl)propyl 5 

acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D- 
glycero-O-D-galacto-2-nonulopyranosidonate 

A 2.2-Bis(eicosyloxymethyl)propanol 
1,1,1-tris(hydroxymethyl)ethane (0.50 g, 4.16 mmol) and 

eicosyl bromide (3.30 g, 9.15 mmol) were reacted by the 
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18 
general procedure according to Example 27-A to obtain the 
title compound (1.43 g, 51%) as white solid. 

H-NMR (CDC1) 8: 3.57 (d. 2H, J-5.9 HZ, CHOH), 
1.26 (m, 68H, 34CH), 0.88 (t, 6H, J=7.0 Hz, 2CHCH), 
0.85 (s, 3H, CCH3). 

B Methyl 2,2-bis(eicosyl oxymethyl)propyl 5 
acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D- 
glycero-O-D-galacto-2-nonulopyranosidonate 

2,2-bis(eicosyl oxymethyl)propanol (267 mg, 0.392 
mmol) and methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2- 
chloro-2,3,5-tride oxy-D-glycero-B-D-galacto-2- 
nonulopyranosonate Chem. Ber, 99, 611 (1966) (200 mg, 
0.392 mmol) were reacted by the general procedure accord 
ing to Example 15-C to obtain the title compound (175 mg, 
39%) as white solid. 

H-NMR (CDC1) 8: 3.78 (s, 3H, COOCH), 2.58 (dd, 
1H, J=4.8, 12.8 Hz, H-3eq.), 2.13, 2.13, 2.04, 2.02, 1.89 (5s, 
15H, 5Ac), 1.95 (dd, 1H, J=12.5, 12.8 Hz, H-3ax.), 1.25 (m, 
68H, 34CH), 0.90 (s, 3H, CCH), 0.88 (t, 6H, J=7.0 Hz, 
2CHCH). 

Example 31 

2,2-bis(eicosyl oxymethyl)propyl 5-acetamido-3,5- 
dideoxy-D-glycero-O-D-galacto-2- 

nonulopyranosidonic acid 
Methyl 2.2-bis(eicosyl oxymethyl)propyl 5-acetamido 

4,7,8,9-tetra-O-acetyl-3,5dideoxy-D-glycero-O-D-galacto 
2-nonulopyranosidonate (174 mg) was reacted by the gen 
eral procedure according to Example 16 to obtain the title 
compound (127 mg, 87%) as white solid. 

H-NMR (CDC1-CDOD, 1:1) 8: 2.75 (dd, 1H, J=4.6, 
12.6 Hz, H-3eq), 2.03 (s, 3H, NAc), 1.75 (t, 1H, J=11.7 Hz, 
H-3ax), 1.43–1.19 (m, 68H, 34CH), 0.92 (s, 3H, CCH), 
0.89 (t, 6H, J-70 Hz, 2CHCH). 

Example 32 

Sodium 2,2-bis(eicosyloxymethyl)propyl 5 
acetamido-3,5-dideoxy-4,7,8,9-tetra-O-(sodium 
Oxysulfonyl)-D-glycero-O-D-galacto-2-nonulo 

pyranosid)onate 
2,2-bis(eicosyl oxymethyl)propyl 5-acetamido-3,5- 

dideoxy-D-glycero-O-D-galacto-2-nonulopyranosidonic 
acid (103 mg) acid was reacted by the general procedure 
according to Example 1 to obtain the title compound (96 mg, 
64%) as white solid. 

H-NMR (CDOD-DO, 1:1, 60° C) 8: 2.96 (br. dd, 1H, 
H-3eq), 1.98 (s, 3H, NAc), 1.78 (t, 1H, J=12.6 Hz, H-3ax), 
1.37–1.17 (m, 68H,34CH), 0.94 (s.3H, CCH), 0.90 (t, 6H, 
J=6.8 Hz, 2CHCH). 

Example 33 

Methyl (3.5didocosyl oxyphenyl 5-acetamido-4,7,8, 
9-tetra-O-acetyl-3,5-dideoxy-D-glycero-C-D- 

galacto-2-nonulo pyranosid)onate 

A3,5-didocosyl oxyphenol 

After phloroglucinol (2.0 g, 15.9 mmol) and sodium 
hydride (1.59 g, 39.7 mmol) were stirred in dehydrated 
dimethylformamide (30 ml) at room temperature for 15 min, 
docosyl bromide (13.0 mg, 33.3 mmol) and benzene (30 ml) 
were added thereto, and the resulting mixture was stirred at 
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40° C. for 2 days. The reaction solution was diluted with 
chloroform, washed with 2N hydrochloric acid, and the 
organic layer was dried over anhydrous magnesium Sulfate. 
The Solvent was concentrated in vacuo, and the residue was 
purified by Silica gel column chromatography (90 g of the 
gel, hexane/ethyl acetate, 6:1) to obtain the title compound 
(2.40g, 20%) as light yellow powder. 

B Methyl(3,5-didocosyloxyphenyl 5-acetamido-4.7, 
8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-O-D- 

galacto-2-nonulopyranosid) onate 
3,5-Didocosyloxyphenol (1.20 g, 1.61 mmol) and sodium 

hydride (77.5g, 1.94 mmol) were stirred in dimethylforma 
mide:benzene (1:1, 40 ml) at room temperature for 20 min. 
Then, to this mixture was added methyl 5-acetamido-4,7,8, 
9-tetra-O-acetyl-2-chloro-2,3,5-trideoxy-D-glycero-f-D- 
galacto-2-nonulopyranosonate Chem. Ber, 99, 611 (1966) 
(823 mg, 1.61 mmol), and the resulting mixture was stirred 
at room temperature for 3 h. After the reaction Solution was 
diluted with chloroform, and washed with 2N-hydrochloric 
acid and, the organic layer was dried over anhydrous mag 
nesium Sulfate. The Solvent was condensed in vacuo, and the 
residue was purified by Silica gel column chromatography 
(90 g of the gel, toluene/ethyl acetate, 2:3) to obtain the title 
compound (386 mg, 20%) light yellow powder. 

H-NMR (CDC1) 8: 6.28 (2d, 2H, J=1.8 Hz, H-2, 
6phenyl), 6.22 (d. 1H, J=1.8 Hz, H-4phenyl), 3.78 (s, 3H, 
COOCH), 2.58 (dd, 1H, J=4.8, 12.8 Hz, H-3eq.), 2.14, 
2.10, 2.03, 2.01, 1.90 (5s, 15H,5Ac), 1.26 (m, 76H,38CH), 
0.88 (t, 6H, J=6.6 Hz, 2CHCH). 

Example 34 
3,5-Didocosyloxyphenyl 5-acetamido-3,5-dideoxy 
D-glycero-O-D-galacto-2-nonulopyrasidonic acid 

Methyl (3,5-didocosyloxyphenyl 5-acetamido-4,7,8,9- 
tetra-O-acetyl-3,5-dideoxy-D-glycero-O-D-galacto-2- 
nonulopyranosid)onate (385 mg) was reacted by the general 
procedure according to Example 16 to obtain the title 
compound (163 mg, 50%) as light yellow solid. 

H-NMR (CDC1-CDOD, 1:1, 60° C) 8: 6.42 (2d,2H, 
J=2.2 Hz, H-2,6phenyl), 6.20 (d. 1H, J=2.2 Hz, H-4phenyl), 
2.86 (dd, 1H, J=4.2, 12.6 Hz, H-3eq), 2.02 (s, 3H, NAc), 
1.95 (t, 1H, J=11.9 Hz, H-3ax), 1.40-1.23 (m, 72H, 36CH), 
0.89 (t, 6H, J-70 Hz, 2CHCH.). 

Example 35 
Sodium 3,5-Didocosyloxyphenyl-5-acetamido-3,5- 
dideoxy-4,7,8,9-tetra-O-(sodium oxysulfonyl)-D- 
glycero-f-D-galacto-2-nonulo pyranosid) onate 

3,5-Didocosyloxyphenyl 5-acetamido-3,5-dideoxy-D- 
glycero-O-D-galacto-2-nonulo pyranosidonic acid (16 mg) 
was reacted by the general procedure according to Example 
1 to obtain the title compound (11 mg, 47%) as white solid. 

H-NMR (CDOD-DO, 1:1, 50° C) 8: 6.42 (br. s. 2H, 
H-2,6phenyl), 6.17 (br. S, 1H, H-4phenyl), 2.93 (br. dd, 1H, 
H-3eq), 2.00 (s.3H, NAc), 1.38–1.18 (m, 72H,36CH), 0.90 
(t, 6H, J=7.0 Hz, 2CHCH). 

Example 36 
3-O-Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3, 

5-dideoxy-D-glycero-O-D-galacto-2- 
nonulopyranosyl)onate-1,2-di-O-docosanoyl-Sn 

glycerol 
A 3-O-Benzyl-1,2-di-O-docosanoyl-Sn-glycerol 

3-O-Benzyl-Sn-glycerol Agric. Biol. Chem., 40, 391 
(1976) (0.67 g., 3.68 mmol), behenic acid (3.76 g, 11.04 
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mmol), dicyclohexylcarbodiimide (2.28g, 11.04 mmol) and 
4-dimethylaminopyridine (0.13 g, 1.06 mmol) were stirred 
in pyridine (37 ml) at room temperature for 22 h. The 
reaction Solution was filtered, and evaporated to dryneSS in 
vacuo. The residue was purified by Silica gel column chro 
matography (using 90 g of gel, hexane/ethyl acetate, 9:1) to 
obtain the title compound (1.55 g, 51%) as light yellow 
powder. 

H-NMR (CDC1) 8: 7.30 (m, 5H, CH), 5.24 (m, 1H, 
H-2), 4.56 (d. 1H, J=12.1 Hz, CHCH), 4.52 (d. 1H, J=12.1 
HZ, CHCH), 1.25 (m, 72H, 36CH), 0.88 (t, 6H, J=7.0 Hz, 
2CHCH). 

B 1,2-Di-O-docosanoyl-Sn-glycerol 

3-O-Benzyl-1,2-di-O-docosanoyl-Sn-glycerol (1.25 g) 
was reacted by the general procedure according to Example 
15-B to obtain the title compound (0.98 g., 88%) as white 
Solid. 

H-NMR (CDC1) 8: 5.08 (m, 1H, H-2), 4.32 (dd, 1H, 
J=4.6, 11.9 Hz, H-3), 4.24 (dd, 1H, J=5.7, 11.9 Hz, H-3), 
3.73 (m, 2H, CH-1), 1.25 (m, 72H, 36CH), 0.88 (t, 6H, 
J=7.0 Hz, 2CHCH). 

C 3-O-Methyl (5-acetamido4,7,8,9-tetra-O- 
levulinoyl-3,5-dideoxy-D-glycero-O-D-galacto-2- 
nonulopyranosyl)onate-1,2-di-O-docosanoyl-Sn 

glycerol 
Methyl 5-acetamido-3,5-dideoxy-D-glycero-D-galacto-2- 

nonulopyranosonate Chem. Ber, 99, 611 (1966) (3.23 g, 
10.0 mmol), 4-dimethylaminopyridine (0.61 g, 0.50 mmol), 
levulinic acid (12.3 ml, 120 mmol) and dicyclohexylcarbo 
diimide (24.76 g, 120 mmol) were stirred in pyridine (30 ml) 
at room temperature for two days. The reaction Solution was 
filtered through celite, and the filtrate was evaporated to 
dryneSS in vacuo. The residue was purified by Silica gel 
column chromatography (with 170 g of gel, chloroform/ 
methanol, 24:1) to obtain the penta-levulinoyl derivative 
(4.62 g, 65%) of the title compound. Then the penta 
levulinoyl derivative (2.50 g., 3.07 mmol) was dissolved in 
acetyl chloride (30 ml), saturated with hydrogen chloride 
gas at 0° C., left at standing at 2 C. for five days. The 
reaction Solution was evaporated to dryneSS in vacuo to 
obtain the chloride derivative (2.15 g, 95%) of the title 
compound. Then, the chloride derivative (1.22 g, 1.66 
mmol) and 1,2-di-O-docosanoyl-Sn-glycerol (0.89 g, 1.21 
mmol) were reacted by the general procedure according to 
Example 15-C to obtain the title compound (64 mg, 4%) as 
white Solid. 

H-NMR (CDC1) 8: 5.06 (dt, 1H, J=46, 11.7 Hz, H-4), 
3.81 (s, 3H, COOCH), 2.19 (6H), 2.18, 2.17 (3s, 12H, 
3CHCO), 1.89 (s, 3H, NAc), 1.85 (t, 1H, J=12.5 Hz, 
H-3ax), 1.25 (m, 72H, 36CH), 0.88 (t, 6H, J=7.0 Hz, 
2CHCH). 

Example 37 

3-O-(5-Acetamido-3,5-dideoxy-D-glycero-O-D- 
galacto-2-nonulopyranoSonic acid-2-yl-1,2-di-O- 

docOSanoyl-Sn-glycerol 

3-O-Methyl (5-acetamido-4,7,8,9-tetra-O-levulinoyl-3, 
5-dideoxy-D-glycero-O-D-galacto-2-nonulopyranosyl) 
onate-1,2-di-O-docosanoyl-Sn-glycerol ( 52 mg, 0.036 
mmol) and anhydrous lithium iodide (49 mg, 0.366 mmol) 
were stirred in dehydrated pyridine (1.8 ml) at 80° C. for 6 
h. The reaction Solution was directly purified by gel chro 



US 6,337,390 B1 
21 

matography (using Sephadex LH-20, 100 ml, chloroform/ 
methanol, 1:1) to obtain lithium salt of title compound (34.6 
mg, 67%) as white solid. The lithium salt (34.6 mg, 0.0242 
mmol) was dissolved in methanol (0.5 ml) and chloroform 
(0.5 ml), added with hydrazine acetate (48 mg, 0.524 mmol), 
and the mixture was stirred at room temperature for 10 min. 
The reaction solution was adjusted to pH 4 with 0.1N 
hydrochloric acid, and purified by gel chromatography 
(Sephadex LH-20, 75 ml, chloroform/methanol, 1:1) to 
obtain the title compound (23 mg, 92%) as white solid. 

H-NMR (CDC1-CDOD, 1:1, 40° C) 8: 2.76 (dd. 1H, 
J=4.2, 12.6 Hz, H-3eq), 2.03 (s, 3H, NAc), 1.74 (t, 1H, 
J=11.9 Hz, H-3ax), 1.28 (m, 72H, 36CH), 0.89 (t, 6H, J=7.0 
Hz, 2CHCH). 

Example 38 
3-O-Sodium 5-acetamido-3,5-dideoxy-4,7,8,9- 
tretra-O-(sodium oxysulfonyl)-D-glycero-O-D- 
galacto-2-nonulopyranosyl-onate-1,2-di-O- 

docOSanoyl-Sn-glycerol 
3-O-(5-Acetamido-3,5-dideoxy-D-glycero-O-D-galacto 

2-nonulopyranoSonic acid)-2-yd-1,2-di-O-docosanoyl-Sn 
glycerol (12 mg) was reacted by the general procedure 
according to Example 1 to obtain the title compound (9 mg, 
53%) as white solid. 

H-MR (CD3OD-D2O, 1:1, 50° C) 8: 2.94 (BR. DD, 1H, 
H-3eq), 1.95 (s, 3H, ANC), 1.71 (t, 1H, J=11.0 Hz, H-ax), 
1.26 (m, 72H, 36CH2), 0.87 (t, 6H, J=6.8 Hz, 2CH2CH3). 

Example 39 
3-O-Methyl (4,5,7,8,9-penta-O-acetyl-3-deoxy-D- 
glycero-O-D-galacto-2-nonulo-pyranosyl)onate-1,2- 

di-O-docosyl-Sn-glycerol 
1,2-Di-O-docosyl-Sn-glycerol Japanese Patent Laid 

Open Publication No. Hei 1-125394 (467 mg) and methyl 
4,5,7,8,9-penta-O-acetyl-2-chloro-2,3-dideoxy-D-glycero 
f-D-galacto-2-nonulopyranoSonate Chem. Pharm. Bull., 
39, 3140 (1991) (281 mg) were reacted by the general 
procedure according to Example 15-C to obtain the title 
compound (313 mg, 48%) as white solid. 

H-NMR (CDC1) 8: 3.80 (s, 3H, OCH, 2.68 (dd, 1H, 
J=4.0, 12.8 Hz, H-3eq), 2.15, 2.09, 2.04, 2.00, 2.00 (5s, 15H, 
5Ac), 1.25 (m, 76H, 38CH), 0.88(t, 6H, J=6.6 Hz, 
2CHCH). 

Example 40 
3-O-(3-Deoxy-D-glycero-O-D-galacto-2- 

nonulopyranoSonic acid acid) -2-yl-1,2-di-O- 
docosyl-Sn-glycerol 

3-O-Methyl (4,5,7,8,9-penta-O-acetyl-3-deoxy-D- 
glycero-O-D-galacto-2-nonulopyranosyl)onate-1,2-di-O- 
docosyl-Sn-glycerol (313 mg) was reacted by the general 
procedure according to Example 16 to obtain the title 
compound (186 mg, 75%) as white solid. 

H-NMR (CDC1-CDOD, 1:1, 60° C) 8: 2.68 (dd. 1H, 
J=4.6, 12.6 Hz, H-3eq), 1.73 (t, 1H, J=12.1 Hz, H-3ax), 1.29 
(m, 76H, 38CH), 0.89 (t, 6H, J=7.0 Hz, 2CHCH). 

Example 41 
3-O-Sodium (3-deoxy-4,5,7,8,9-penta-O-(sodium 

Oxysulfonyl)-D-glycero-O-D-galacto-2- 
nonulopyranosyl)onate-1,2-di-O-docosyl-Sn 

glycerol 
3-O-(3 - Deoxy-D-glycero - C -D-galacto-2- 

nonulopyranosonic acid)-2-yl)-1,2-di-O-docosyl-Sn 
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22 
glycerol (97 mg) was reacted by the general procedure 
according to Example 1 to obtain the title compound (15 mg, 
10%) as white solid. 

H-NMR (CDOD-DO, 1:1, 50° C) 8: 2.89 (br. dd, 1H, 
H-3eq), 1.81 (br. t, 1H, H-3ax), 1.26 (m, 76H, 38CH), 0.86 
(t, 6H, J=7.0 Hz, 2CHC). 

Example 42 

1-O-Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3, 
5-dideoxy-D-glycero-O-D-galacto-2- 

nonulopyranosyl)onatel-L-2,3-di-O-docosyl-Sn 
glycerol 

A L-1-O-Benyl-2,3-di-O-isopropylidene-Sn-glycerol 
After L-2,3-di-O-isopropylidene-Sn-glycerol (5.00 g, 

37.8 mmol) and 60% sodium hydride (3.03 g, 75.8 mmol) 
were stirred in dehydrated dimethylformamide (110 ml) at 
room temperature for 10 min, benzyl bromide (6.7 ml, 56.7 
mmol) was added, and the resulting mixture was stirred at 
room temperature for 3 h. The reaction solution was diluted 
with ether, washed Successively with water and Saturated 
Sodium chloride Solution, dried over anhydrous magnesium 
Sulfate, and concentrated in vacuo. The residue was distilled 
under reduced pressure (110° C./3 torr) to obtain the benzyl 
derivative (6.65 g, 80%). Then, to a solution of this product 
(6.65g, 29.9 mmol) dissolved in dichloromethane (30 ml), 
methanol (9 ml) and water (3 ml) was added trifluoroacetic 
acid (3 ml), and the mixture was stirred at room temperature 
for 3 h. After the reaction Solution was neutralized with 
Sodium hydroxide and condensed in vacuo, the residue was 
purified by distillation under reduced pressure to obtain the 
title compound (4.71 g, 86%). 

H-NMR (CDC1) 8: 7.32 (m, 5H, CH), 4.56 (s, 2H, 
CHPh). 

B L-1-O-Benzyl-2,3-di-O-docosyl-Sn-glycerol 
L-1-O-Benzyl-Sn-glycerol (1.90 g) and 1-bromo 

docosane (9.70 g) were reacted by the general procedure 
according to Example 15-A to obtain the title compound (7.0 
g, 85%). 

H-NMR (CDC1) 8: 7.30 (m, 5H, CH5), 4.55 (s, 2H, 
CHPh), 1.25 (m, 76H, 38CH), 0.88 (t, 6H, J=6.6 Hz, 
2CHCH). 

C L-2,3-Di-O-docosyl-Sn-glycerol 
L-1-O-Benzyl-2,3-di-O-docosyl-Sn-glycerol (1.40 g) was 

reacted by the general procedure according to Example 15-B 
to obtain the title compound (0.99 g, 79%) as white solid. 

H-NMR (CDC1) 8: 1.25 (m, 76H, 38CH), 0.88 (t, 6H, 
J=6.6 Hz, 2CHCH). 

D 3-O-Methyl (5-acetamido-4,7,8,9-tetra-O-acetyl 
3,5-dideoxy-D-glycero-O-D-galacto-2- 

nonulopyranosyl)-onatel-L-2,3-di-O-docosyl-Sn 
glycerol 

L-2,3-Di-O-docosyl-Sn-glycerol (990 mg) and methyl 
5-acetamido-4,7,8,9-tetra-O-acetyl-2-chloro-2,3,5-trideoxy 
D-glycero-f-D-galacto-2-nonulopyranoSonate Chem. Ber., 
99, 611 (1966) (850 mg) were reacted by the general 
procedure according to Example 15-C to obtain the title 
compound (662 mg, 40%) as white solid. 

H-NMR (CDC1) 8: 3.79 (s, 3H, OCH), 2.60 (dd, 1H, 
J=4.8, 12.8 Hz, H-3eq.), 2.15, 2.09, 2.04, 2.00, 2.00 (5s, 
15H, 5Ac), 1.96 (t, 1H, J=12.8 Hz, H-3ax.), 1.25 (m, 76H, 
38CH), 0.88 (t, 6H, J=6.6 Hz, 2CHCH). 
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thioglycerol (422 mg) was reacted by the general procedure 
according to Example 1 to obtain the title compound (29 mg, 
45%) as white solid. 

H-NMR (CDOD-DO, 1:1, 50° C) 8: 3.06 (brdd, 1H, 
H-3eq), 2.90 (m, 2H, SCH), 1.90 (s, 3H, NAc), 1.30 (m, 
76H, 38CH), 0.88 (t, 6H, J-7.0 Hz, 2CHCH). 

Example 57 
1-N-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-2-O-methyl-D-glycero-B-D-galacto-2- 

nonulopyranoSonyl)amino-2,2-bis 
(docosyloxymethyl) propane 

A 2.2-Bis(docosyloxymethyl)propyl 
methaneSulfonate 

After a mixture of 2,2-bis(docosyloxymethyl)propanol 
(7.37 g; 10 mmol), methanesulfonyl chloride (1.3 ml, 16.8 
mmol) and pyridine (150 ml) was stirred at 70° C. for 1 h, 
the reaction mixture was poured into water. Precipitates thus 
obtained were collected by Suction, washed Successively 
with water and acetone, and dried to obtain the title com 
pound (6.66 g, 82%). 

H-NMR (CDC1) 8: 4.13 (s, 2H, CHOMs), 2.98 (s.3H, 
CHSO), 1.26 (m, 76H, 38CH), 1.00 (s, 3H, CCH), 0.88 
(t, 6H, J=7.0 Hz, 2CHCH). 

B 1-Azido-2,2-bis(docosyloxymethyl)propane 
After a mixture of 2,2-bis(docosyloxymethyl)propyl 

methanesulfonate (22.7 g; 27.8 mmol), sodium azide (0.27 
g; 83.5 mmol), and dimethylformamide (150 ml) was stirred 
at 110° C. for 20 h, the reaction mixture was poured into 
water. Precipitates thus obtained were collected by Suction, 
washed Successively with water and acetone, and dried to 
obtain the title compound (20.8 g.: 98%). 

H-NMR (CDC1) 8: 125 (m, 76H, 38CH), 0.89 (s.3H, 
CCH), 0.88 (t, 6H, J=7.0 Hz, 2CHCH). 

C 1-Amino-2,2-bis(docosyloxymethyl)propane 
1-Azido-2,2-bis(docosyloxymethyl)propane (12.8 g; 16.8 

mmol) and palladium hydroxide on carbon (6.0 g) in tet 
rahydrofuran (100 ml) was stirred under the hydrogen 
atmosphere at 50 C. for 3 h. The reaction solution was 
filtered through celite, and the filtrate was evaporated to 
dryneSS in vacuo. The residue was purified by Silica gel 
column chromatography (60 g of gel, chloroform/methanol, 
10:1) to obtain the title compound (8 g. 65%) as white 
powder. 

D Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-D-glycero-3-D-galacto-2- 

nonulopyranosidonic acid 
After a mixture of methyl 5-acetamido-3,5-dideoxy-D- 

glycero-f-D-galacto-2-nonulopyranosidonic acid Chem. 
Ber, 99, 611 (1966) (150 mg; 0.464 mmol), acetic anhy 
dride (2.3 ml) and pyridine (2.3 ml) was stirred at room 
temperature for 7 h, the reaction Solution was evaporated to 
dryneSS in vacuo. The residue was dissolved in chloroform, 
and treated with Amberist-15 (H type) to obtain the title 
compound (218 mg, 96%) as white powder. 

H-NMR (CDC1) 8: 3.33 (s, 3H, OCH), 2.56 (dd, 1H, 
J=4.8, 13.2 Hz, H-3eq.), 2.16, 2.11, 2.06, 2.04, 1.91 (5s, 
15H, 5Ac). 

E 1-N-(5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-2-O-methyl-D-glycero-B-D-galacto-2- 

nonulopyranoSonyl)amino-2,2-bis 
(docosyloxymethyl)propane 

After a mixture of methyl 5-acetamido-4,7,8,9-tetra-O- 
acetyl-3,5-dide oxy-D-glycero-B-D-galacto-2- 
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28 
nonulopyranosidonic acid (260 mg 0.53 mmol), 1-amino 
2,2-bis(docosyloxymethyl)propane (390 mg; 0.53 mmol), 
dicyclohexylcarbodiimide (165 mg; 0.80 mmol), 
1-hydroxybenztriazole (95 mg; 0.70 mmol) and chloroform 
(11 ml) was stirred at room temperature for 17 h, the reaction 
Solution was filtered through celite, an the Solvent was 
distilled off in vacuo. The residue was purified by silica gel 
column chromatography (with 60 g of gel, chloroform 
acetone, 17:3) to obtain the title compound (620 mg, 97%) 
as white powder. 

H-NMR (CDC1) 8: 3.18 (s, 3H, OCH), 2.51 (dd, 1H, 
J=4.8, 13.2 Hz, H-3eq), 2.14, 2.08, 2.03, 2.01, 1.90 (5s, 15H, 
5Ac), 1.77 (t, 1H, J=11.7 Hz, H-3ax), 1.25 (m, 76H,38CH), 
0.91 (s, 3H, CCH), 0.88 (t, 6H, J=6.6 Hz, 2CHCH). 

Example 58 

1-N-(5-Acetamido-3,5-dideoxy-2-O-methyl-D- 
glycero-f-D-galacto-2-nonulopyranoSonyl)amino-2, 

2-bis(docosyloxymethyl)propane 
After a mixture of 1-N-(5-acetamido-4,7,8,9-tetra-O- 

acetyl-3,5-dideoxy-2-O-methyl-D-glycero-B-D-galacto-2- 
nonulopyranosonyl)amino-2,2-bis(docosyloxymethyl) 
propane (620 mg., 0.51 mmol), Sodium methoxide (28 mg; 
0.52 mmol), methanol (5 ml) and tetrahydrofuran (5 ml) was 
Stirred at room temperature for 7 h, the reaction Solution was 
neutralized with Amberlist-15 (H type), and evaporated to 
dryneSS in vacuo. The residue was purified by Silica gel 
column chromatography (50 g of gel, chloroform/methanol, 
10:1) to obtain the title compound (480 mg, 90%) as white 
powder. 

H-NMR (CDC1-CDOD, 1:1) 8: 3.24 (s, 3H, OCH), 
2.40 (dd, 1H, J=4.9, 13.0 Hz, H-3eq), 2.05 (s, 3H, NAc), 
1.27 (m, 76H, 38CH), 0.91 (s, 3H, CCH), 0.89 (t, 6H, 
J=7.0 Hz, 2CHCH). 

Example 59 

1-N--5-Acetamido-3,5-dideoxy-2-O-methyl-4,7,8, 
9-tetra-O-(sodium oxysulfonyl)-D-glycero-B-D- 
galacto-2-nonulopyranoSonyl)amino-2,2-bis 

(docosyloxymethyl)propane 
1-N-(5-Acetamido-3,5-dideoxy-2-O-methyl-D-glycero 

f-D-galacto-2-nonulopyrano Sonyl)amino-2,2-bis 
(docosyloxymethyl)propane (83.1 mg) was reacted by the 
general procedure according to Example 1 to obtain the title 
compound (810 mg, 70%) as white solid. 

H-NMR (CDOD-DO, 1:1, 40° C) 8: 2.66 (bridd, 1H, 
J=44, 12.5 Hz, H-3eq), 2.03 (s, 3H, NAc), 1.79 (brt, 1H, 
H-3ax), 1.31 (m, 76H, 38CH), 0.91 (s, 3H, CCH), 0.91 (t, 
6H, J=6.8 Hz, 2CHCH). 

Example 60 

1-N-(5-Aetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-2-O-methyl-D-glycero-B-D-galacto-2- 

nonulopyranoSonyl)amino-2,2-bis 
(eicosyloxymethyl)propane 

A 2.2-Bis(eicosyloxymethyl)propyl 
methaneSulfonate 

2,2-Bis(eicosyloxymethyl)propanol (1.19 g) was reacted 
by the general procedure according to Example 57-A to 
obtain the title compound (1.08 g, 82%) as white solid. 

H-NMR (CDC1) 8: 4.13 (s, 2H, CHOMs), 2.98 (s, 3H, 
CHSO), 1.25 (m, 68H, 34CH), 1.00 (s, 3H, CCH), 0.88 
(t, 6H, J=7.0 Hz, 2CHCH). 
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B 1-Azido-2,2-bis(eicosyloxymethyl)propane 
2,2-Bis(eicosyloxymethyl)propyl methanesulfonate (1.05 

g) was reacted by the general procedure according to 
Example 57-B to obtain the title compound (0.94 g., 96%) as 
white Solid. 

H-NMR (CDC1) 8: 125 (m, 68H, 34CH), 0.94 (s, 3H, 
CCH), 0.88 (t, 6H, J=7.0 Hz, 2CHCH). 

C 1-Amino-2,2-bis(eicosyloxymethyl)propane 
1-Azido-2,2-bis(eicosyloxymethyl)propane (360 mg) was 

reacted by the general procedure according to Example 57-C 
to obtain the title compound (206 mg, 59%) as white solid. 

H-NMR (CDC1,) 8: 2.74 (s, 2H, CH), 1.25 (m, 68H, 
34CH), 0.90 (s, 3H, CCH), 0.88 (t, 6H, J=7.0 Hz, 
2CHCH). 

D 1-N-(5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-2-O-methyl-D-glycero-B-D-galacto-2- 

nonulopyranoSonyl)amino-2,2-bis 
(eicosyloxymethyl)propane 

Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy 
D-glycero-f-D-galacto-2-nonulopyranosidonic acid (179 
mg) and 1-amino-2,2-bis(eicosyloxymethyl)propane (206 
mg) were reacted by the general procedure according to 
Example 57-E to obtain the title compound (327 mg, 94%) 
as white Solid. 

H-NMR (CDC1) 8: 3.18 (s, 3H, OCH), 2.51 (dd, 1H, 
J=5.0, 13.0 Hz, H-3eq), 2.14, 2.09, 2.04, 2.01, 1.91 (5s, 15H, 
5Ac), 1.77 (dd, 1H, J=11.7, 12.8 Hz, H-3ax), 1.25 (m, 68H, 
34CH), 0.91 (s, 3H, CCH), 0.88 (t, 6H, J=7.0 Hz, 
2CHCH). 

Example 61 
1-N-(5-Acetamido-3,5-dideoxy-2-O-methyl-D- 

glycero-f-D-galacto-2-nonulopyranoSonyl)amino-2, 
2-bis(eicosyloxymethyl)propane 

1-N-(5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy 
2-O-methyl-D-glycero-f-D-galacto-2-nonulopyranosonyl) 
amino-2,2-bis(eicosyloxymethyl)propane (216 mg) was 
reacted by the general procedure according to Example 58 to 
obtain the title compound (202 mg, 74%) as white solid. 

H-NMR (CDC1-CDOD, 10:1) 8: 3.22 (s, 3H, OCH), 
2.36 (dd, 1H, J=4.8, 13.2 Hz, H-3eq), 2.04 (s, 3H, NAc), 
1.26 (m, 68H, 34CH), 0.90 (s, 3H, CCH), 0.88 (t, 6H, 
J=7.1 Hz, 2CHCH). 

Example 62 
1-N-5-Aetamido-3,5-dideoxy-2-O-methyl-4,7,8,9- 

tetra-O-(sodium oxysulfonyl)-D-glycero-B-D- 
galacto-2-nonulopyranoSonyl)amino-2,2-bis 

(eicosyloxymethyl)propane 
1-N-(5-Acetamido-3,5-dideoxy-2-O-methyl-D-glycero 

f-D-galacto-2-nonulopyrano Sonyl)amino-2,2-bis 
(eicosyloxymethyl)propane (422 mg) was reacted by the 
general procedure according to Example 1 to obtain the title 
compound (49 mg, 36%) as white solid. 

H-NMR (CDOD-DO, 1:1, 40° C) 8: 2.66 (brdd, 1H, 
H-3eq), 2.02 (s, 3H, NAc), 1.78 (brt, 1H, J= 12.3 Hz, 
H-3ax), 1.30 (m, 68H, 34CH), 0.90 (s, 3H, CCH), 0.90 (t, 
6H, J=7.0 Hz, 2CHCH). 

Example 63 
1-N-(5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-2-O-ethyl-D-glycero-B-D-galacto-2- 

nonulopyranoSonyl)amino-2,2-bis 
(docosyloxymethyl)propane 

A Methyl (ethyl 5-acetamido-3,5-dideoxy-D- 
glycero-f-D-galacto-2-nonulopyranosid)onate 

A mixture of N-acetylneuraminic acid (1.00 g; 3.23 
mmol), Dowex-50 (H form) (15g) and dehydrated ethanol 
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(100 ml) was heated at reflux for 18 h. The reaction mixture 
was packed into a column, and eluted with 2N-HCl 
methanol (100 ml). After the solvent was distilled off in 
vacuo. The residue thus obtained was stirred with acetic 
anhydride (20 ml) and pyridine (20 ml) at room temperature 
for 17 h, and then the reaction Solution was evaporated to 
dryneSS in vacuo. The residue was dissolved in chloroform, 
washed successively with 0.1N HCl, water and saturated 
NaCl Solution, dried over anhydrous magnesium Sulfate, and 
then the solvent was distilled off in vacuo. After the residue 
thus obtained was stirred with sodium methoxide (31 mg; 
0.575 mmol) in methanol (23 ml) at room temperature for 17 
h, the reaction mixture was neutralized with DoweX-50 (H 
form), and then the solvent was distilled off. The residue was 
purified by Silica gel column chromatography (40 g of gel, 
chloroform/methanol, 4:1) to obtain the title compound (142 
mg, 12%) as white powder. 

H-NMR (CDOD) 8: 3.78 (s, 3H, OCH), 2.36 (dd, 1H, 
J=4.9, 13.0 Hz, H-3eq.), 2.00 (s, 3H, NAc), 1.62 (dd, 1H, 
J=11.4, 12.8 Hz, H-3ax.), 1.16 (t, 3H, J=7.0 HZ, CHCH). 

B Methyl (ethyl 5-acetamido-4,7,8,9-tetra-O-acetyl 
3,5-dideoxy-D-glycero-B-D-galacto-2- 

nonulopyranosid)onate 
Methyl (ethyl 5-acetamido-3,5-dideoxy-D-glycero-f-D- 

galacto-2-nonulopyranosid)onate (142 mg) was reacted by 
the general procedure according to Example 57-D to obtain 
the title compound (209 mg, 99%) as white solid. 

H-NMR (CDC1) 8: 3.80 (s, 3H, COOCH), 2.45 (dd, 
1H, J=5.1, 12.8 Hz, H-3eq.), 2.15, 2.08, 2.03, 2.02, 1.89 (5s, 
15H, 5Ac), 1.87 (dd, 1H, J=11.4, 12.8 Hz, H-3ax.), 1.22 (t, 
3H, J=7.1 Hz, CHCH). 

C Ethyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-D-glycero-B-D-galacto-2- 

nonulopyranosidonic acid 

A mixture of methyl (ethyl 5-acetamido-4,7,8,9-tetra-O- 
acetyl-3,5-dide oxy-D-glycero-B-D-galacto-2- 
nonulopyranosid)onate (203 mg, 0.39 mmol), anhydrous 
lithium iodide (523 mg, 3.9 mmol) and pyridine (8.0 ml) was 
stirred at 90° C. for 14 h. The reaction solution was 
subjected to gel filtration (LH-20, 150 ml, methanol), and 
then purified by Silica gel column chromatography (20g of 
gel, chloroform/methanol, 7:3) to obtain the title compound 
(92 mg, 47%) as white solid. 

H-NMR (CDC1) 8: 3.52 (m, 2H, CHCH), 2.56 (dd, 
1H, J=4.5, 12.2 Hz, H-3eq.), 2.15, 2.11, 2.06, 2.04, 1.91 (5s, 
15H, 5Ac), 1.92 (t, 1H, J=11.8 Hz, H-3ax.), 1.24 (t, 3H, 
J=7.0 Hz, CHCH). 

D 1-N-(5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-2-O-ethyl-D-glycero-B-D-galacto-2- 

nonulopyranoSonyl)amino-2,2-bis 
(docosyloxymethyl) propane 

Ethyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D- 
glycero-f-D-galacto-2-nonulopyranoSodonic acid (92 mg) 
and 1-amino-2,2-bis(docosyloxymethyl) propane (268 mg) 
were reacted by the general procedure according to Example 
57-E to obtain the title compound (191 mg, 86%) as white 
Solid. 

H-NMR (CDC1,) 8: 2.52 (dd, 1H, J=48, 13.2 Hz, 
H-3eq), 2.14, 2.08, 2.03, 2.01, 1.91 (5s, 15H, 5Ac), 1.76 (t, 
1H, J=12.4 Hz, H-3ax), 1.25 (m, 76H, 38CH), 1.19 (t, 3H, 
J-70 Hz, OCHCH.), 0.90 (s.3H, CCH), 0.88 (t, 6H, J-70 
Hz, 2CHCH). 
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Example 64 

1-N-(5-Acetamido-3,5-dideoxy-2-O-ethyl-D- 
glycero-f-D-galacto-2-nonulopyranoSonyl)amino 

2,2-bis(docosyloxymethyl) propane 
1-N-(5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy 

2-O-ethyl-D-glycero-B-D-galacto-2-nonulopyranosonyl) 
amino-2,2-bis(docosyloxymethyl) propane (185 mg) was 
reacted by the general procedure according to Example 58 to 
obtain the title compound (114 mg, 71%) as white solid. 

H-NMR (CDC1-CDOD, 10:1) 8: 2.38 (dd, 1H, J=48, 
13.2 Hz, H-3eq), 2.04 (s, 3H, NAc), 1.26 (m, 76H, 38CH), 
1.17 (t,3H, J=7.0 Hz, OCHCH), 0.89 (s.3H, CCH), 0.88 
(t, 6H, J=7.3 Hz, 2CHCH). 

Example 65 
1-N-(5-Acetamido-3,5-dideoxy-2-O-ethyl-D-glycero-f- 

D-galacto-2-nonulopy rano Sonyl)amino-2,2-bis 
(docosyloxymethyl) propane (422 mg) was reacted by the 
general procedure according to Example 1 to obtain the title 
compound (140 mg, 93%) as white solid. 

H-NMR (CDOD-D.O, 1:1, 40° C) 8: 2.67 (brdd, 1H, 
H-3eq), 2.02 (s, 3H, NAc), 1.77 (brt, 1H, H-3ax), 1.30 (m, 
76H,38CH), 1.25 (t,3H, J=7.0 Hz, OCHCH.), 0.91 (t, 6H, 
J=6.8 Hz, 2CHCH), 0.90 (s, 3H, CCH). 

Example 66 

1-N-(5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-2-O-methyl-D-glycero-O-D-galacto-2- 

nonulopyranoSonyl)amino-2,2-bis 
(docosyloxymethyl) propane 

A Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-D-glycero-O-D-galacto-2- 

nonulopyranosidonic acid 
Methyl 5-acetamido-3,5-dideoxy-D-glycero-C.-D- 

galacto-2-nonulopyranosidonic acid Chem. Ber., 99, 611 
(1966) (150 mg) was reacted by the general procedure 
according to Example 57-D to obtain the title compound 
(220 mg., 96%) as white solid. 

H-NMR (CDC1-CDOD, 1:1) 8:3.20 (s, 3H, OCH), 
2.42 (dd, 1H, J=44, 12.5 Hz, H-3eq.), 1.96, 1.95, 1.87, 1.83, 
1.70 (5s, 15H, 5Ac), 1.56 (t, 1H, J=12.5 Hz, H3ax.). 

B 1-N-(5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy-2-O-methyl-D-glycero-O-D-galacto-2- 

nonulopyranoSonyl)amino-2,2-bis 
(docosyloxymethyl) propane 

Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy 
D-glycero-O-D-galacto-2-nonulopyranosidonic acid (191 
mg) and 1-amino-2,2-bis(docosyloxymethyl) propane (396 
mg) were reacted by the general procedure according to 
Example 57-E to obtain the title compound (345 mg, 73%) 
as white Solid. 

H-NMR (CDC1) 8:3.36 (s.3H, OCH), 2.13, 2.08, 2.03, 
2.01, 1.89 (5s, 15H, 5Ac), 1.98 (t, 1H, J=11.7 Hz, H3ax.) 
1.25 (m, 76H, 38CH), 0.90 (s, 3H, CCH), 0.88 (t, 6H, 
J=7.0 Hz, 2CHCH). 

Example 67 
1-N-(5-Acetamido-3,5-dideoxy-2-O-methyl-D- 

glycero-O-D-galacto-2-nonulopyranosonyl)amino 
2,2-bis(docosyloxymethyl) propane 

1-N-(5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy 
2-O-methyl-D-glycero-O-D-galacto-2-nonulopyranosonyl) 
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amino-2,2-bis(doosyloxymethyl) propane (340 mg) was 
reacted by the general procedure according to Example 58 to 
obtain the title compound (216 mg, 74%) as white solid. 

H-NMR (CDC1-CDOD, 10:1) 8: 3.36 (s, 3H, OCH), 
2.55 (dd, 1H, J=4.8, 13.2 Hz, H-3eq), 2.03 (s, 3H, NAc), 
1.82 (dd, 1H, J=11.2, 13.0 Hz, H3ax.), 1.26 (m, 76H, 
38CH), 0.91 (s, 3H, CCH), 0.88 (t, 6H, J=7.0 Hz, 
2CHCH). 

Example 68 

1-N-5-Acetamido-3,5-dideoxy-2-O-methyl-4,7,8, 
9-tetra-O-(sodium oxysulfonyl)-D-glycero-O-D- 
galacto-2-nonulopyranoSonyl)amino-2,2-bis 

(docosyloxymethyl) propane 
1-N-(5-Acetamido3,5-dideoxy-2-O-methyl-D-glycero 

C.-D-galacto-2-nonulopyrano Sonyl)amino-2,2-bis 
(docosyloxymethyl) propane (117 mg) was reacted by the 
general procedure according to Example 1 to obtain the title 
compound (98 mg, 60%) as white solid. 

H-MR (CDOD-D.O, 1:1, 40° C) 8: 2.55 (bridd, 1H, 
J=5.1, 13.6 Hz, H-3eq), 1.99 (s, 3H, NAc), 1.30 (m, 76H, 
38CH), 0.90 (brt, 9H, J=6.6 Hz, CCH and 2CHCH). 
Assessment of Growth Inhibitory Effect on HIV-1 and 
Cytotoxicity 
Samples of various concentrations (25 ul) are distributed 

into a 24-well microplate, immediately added with human T 
cells (H9 cell line, 1.2x10/ml) (1 ml), covered, and incu 
bated at 37° C. for 1 h. Then, AIDS virus (HIV-1, IIIb, 100 
TCID50) (25 ul) is added to each well and thoroughly 
mixed, covered again, and incubated under the CO atmo 
sphere at 37° C. for 3 days. On the fourth day, aliquots (200 
ul) of the culture medium from each well are transferred into 
a fresh microplate. The growth medium (500 ul) is added to 
each well, and further incubated for 2 days. 
On the 6th day, aliquots (90 ul) of the culture Supernatant 

are withdrawn, and assayed the amount of p24, a constituent 
of HIV-1, by ELISA method using the anti-p24 antibody to 
assess the growth of Said virus. Also, using the remaining 
cell culture Suspension (100 ul), viable cells are counted by 
the MTT method. Experimental values are expressed as the 
ratios (%) to the negative control value (measured using the 
Solvent to dissolve test compounds as the sample) to repre 
sent the anti-HIV activity and cytotoxicity. Then, for the 
unified representation of the anti-HIV activity and 
cytotoxicity, the concentrations of test compounds at their 
50% values are obtained from the activity-concentration 
curves and the cytotoxicity-concentration, and represented 
as IC50 and CC50, respectively. 
Results of the Anti-HIV Activity Assay 

In the following table are shown the compounds and their 
structural characteristics having IC50 (uM) values less than 
100 uM. Carbon number of the functional group (in 
parentheses) represents that of alkyl group of lipid side 
chain beyond the ether linkage, and, particularly, in the case 
where lipid is alkylglycerol, that of alkyl group of Said alkyl 
glycerol. 

TABLE 1. 

Example No. IC 50 (u M) Functional group (carbon number) 

5 46.0 Two alkyl chains (10) 
6 SO.O Two alkyl chains (10), B-isomer of 5 
7 16.0 Two alkyl chains (14) 
8 15.O Two alkyl chains (14) f-isomer of 7 
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TABLE 1-continued 

Example No. IC 50 (u M) Functional group (carbon number) 

9 3.8 Two alkyl chains (18) 
1O 3O.O One alkyl chain (18), with a sulfate group as 

a side chain 
11 13.0 One alkyl chain (18), B-isomer of 10 
12 0.8 Two alkyl chains (22) 
13 1.6 Two alkyl chains (22), f-isomer of 12 
14 15.0 Two alkyl chains (14), thioglycoside 
17 2.5 Two alkyl chains (20) 
2O 1.2 Two alkyl chains (24) 
24 34.O Cholesterol 
25 1OO.O One alkyl chain (18), unsaturated 
26 1OO.O One alkyl chain (18) 
29 1.6 Two alkyl chains (22), branched 
32 2.5 Two alkyl chains (20), branched 
35 9O.O Aromatic 
38 2.5 Two alkyl chains (22), glycero-ester 
41 4.0 Two alkyl chains (22), KDN 
50 1.1 Two alkyl chains (22), with an ethyl group at 

the branching point 
59 1.4 Two alkyl chains (22), amide linkage 

These results indicate that, as the lipid bound to nonulonic 
acid (Sialic acid and KDN) via glycosidic linkage are 
preferred alkyl, carbonyloxy or oxycarbonyl groups. 
Furthermore, no significant difference observed in the activ 
ity of Example 7 (O-glycoside) as compared with that of 
Example 14 (S-glycoside) indicates that the linkage between 
carbohydrate and lipid moieties can be either O-glycosidic 
or S-glycosidic. Also, no difference observed in the activity 
between Example 29 and Example 59, wherein they differ 
only in that the former has the O-glycosidic linkage and the 
latter the amide linkage, leads to the conclusion that the 
linkage between carbohydrate and lipid can be of any form. 
So far as Sulfuric acid derivatives of Sialoglycerolipids are 

concerned, as evidently seen comparing Example 9 (two 
alkyl chains, each having 18 carbon atoms, IC50: 3.8) and 
Example 11 (one alkyl chain with 18 carbon atoms, IC50: 
13.0), both derivatives, one with single chain, and the other 
with two chains, have the enough activity for the practical 
use, but the latter one is generally more active. Therefore, 
derivatives with two alkyl chains can be more preferable 
than those with one alkyl chain. 

Also, as evidently seen comparing Example 38 (two alkyl 
chains, each having 22 carbon atoms, glyceroester, IC50: 
2.5) and Example 12 (two alkyl chains, each having 22 
carbon atoms, IC50: 0.8), these compounds have high activ 
ity regardless of whether their glycero-lipid moieties are 
either alkylglycerol or acylglycerol. Therefore, the biologi 
cal activity is not So much affected by the linkage form 
between the glycerol skeleton and the long alkyl chain 
group, but rather mainly dependent on the length of long 
alkyl chain group. 
So far as compounds wherein glycerol having two alkyl 

chains is linked to Sugar via glycosidic linkage are 
concerned, as shown in Table 1, minimum IC50 values are 
associated mostly with those with carbon atoms of 18 ( 
Example 9), 20 (Example 17), 22 (Example 12) and 24 
(Example 20). Therefore, in the case where the Sulfate 
derivatives of Sialoglycerolipids related to this invention are 
either alkyl glycerol or acyl glycerol, number of carbon 
atoms of alkyl groups linked to the glycerol moiety is 
thought to be preferably 18-24. Since the biological activity 
depends mainly on the length of long-chain alkyl group 
linked to the glycerol skeleton, Said long chain alkyl group 
can be Saturated or unsaturated, also branched. In the case of 
alkyl glycerol with 24 carbon atoms as in Example 20, the 
"number of Skeleton-forming atoms' per one side chain 
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34 
amounts to 25. This is because the “number of skeleton 
forming atoms includes the oxygen atom related to the 
ether linkage, in addition to carbon atoms of alkyl group. 
Furthermore, in the case of pseudo-glycerol as in Example 
29 and Example 32, since the carbon atom of methylene 
group between the carbon atom at the B position of the main 
chain of glycerol moiety and the oxygen atom of the ether 
linkage is also included in the "number of skeleton-forming 
atoms”, that number becomes 24 in the case of Example 29, 
and 22 in the case of Example 32. 

Also, the glycerol moiety can have a methyl branch, and 
a methylene group between the main chain of the glycerol 
moiety and ether linkage or ester linkage (Example 29 and 
Example 32). Therefore, the glycerol moiety can have a 
Short alkyl chain Such as methyl, ethyl, propyl, butyl groups, 
etc. at the f carbon atom of its main chain (in this case, 
however, these groups cannot be called Side chain or 
branched chain because of insufficient length of alkyl 
groups.), and one to three carbon atoms can be present 
between the main chain of glycerol moiety and the ether or 
ester linkage. 

In comparison of Example 29 with Example 12, two 
chains extending from the B carbon atom of the main chain 
of glycerol moiety are of the same length in Example 29, 
while they are of the different length in Example 12. That is, 
in Example 29, number of “skeleton-forming atom' per one 
chain of the two chains extending from the B carbon atom of 
the main chain of glycerol moiety is the same 24, but 
different in Example 12, as 23 and 24. Therefore, it can be 
concluded that, in the case of two chains, number of 
"skeleton-forming atoms' per one chain, furthermore, num 
ber of alkyl chain-forming carbon atoms can be different. In 
addition, as to Example 29, it is advantageous that the two 
chains are completely the same having the same component 
atoms and configuration because for the easy preparation. 

In the table below are shown CC50s. 

These results indicate that compounds related to the 
present invention are generally low in the cytotoxicity. 
Assay of Antiviral Activity Against Other Viruses than HIV 

Antiviral activity against human Parainfluenza virus, Res 
piratory syncytial virus (RSV) and Herpes simplex II virus 
(HSVII) was determined by the plaque reduction assay, 
while that against Feline immunodeficiency virus (FIV) and 
Feline leukemia virus (FeLV) by the reverse transcriptase 
assay and ELISA, respectively. 
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1) Plaque Reduction Assay 
a) Preparation Viruse, Host Cell and Virus Stock 

Each virus was obtained from ATCC. AS host cells, VERO 
cells were used for Parainfluenza virus, and HEP2 cells for 
other viruses. 
To fibroblasts growing in a T150 flask were added virus 

infected cells, and the cells were incubated until they 
reached 60-80% infection. Cells were trypsinized, recov 
ered and used as the virus Stock. AS the cell culture medium 
was used E-MEM containing 2–5% FBS, 100 U/ml 
Penicillin, 2.5 lug/ml Amphotericin and 10 ug/ml Gentamy 
C. 

b) Preparation of Sample 
Compound related to Example 29 was appropriately 

diluted to the concentrations of 500, 100, 50, 10 and 5 ug/ml 
with the culture medium or methyl cellulose. As the refer 
ence drug for HSV II was used Acyclovir. 
c) ASSay Procedure 
Anti-viral Activity 

After cells were cultured in monolayer in 24-well 
microplates, the Supernatant was discarded, replaced with a 
diluted Sample (compound) Solution (0.5 ml), and the mix 
ture was incubated at 36–38° C. under the 5–7% CO 
atmosphere for 1 h. At the same time, to the cell control well 
and virus control Wells was added the equal amount of 
medium. 

After the Supernatant was discarded, the medium (0.5 ml) 
and the virus stock (0.2 ml) were added to the sample well 
and virus well, respectively. After incubating again for 1 h, 
the sample solution (1 ml) diluted with methylcellulose 
containing FBS was overlayered. To the control well was 
added only the same amount of the vehicle. 

Cells were cultured at 36-38 C. under the 5–7% CO 
atmosphere, and examined for the appearance of plaques 
under microscope. Monolayer of cells was fixed with 10% 
formalin, washed with water, stained with 0.8% crystal 
Violet, and dried. Number of plaques counted in the Sample 
well was compared with that in the virus control well, and 
the decrease in the number of plaques was used to express 
the antiviral activity. 
Cytotoxicity ASSay 
Of the anti-Viral activity assay procedures mentioned 

above, the virus infection Step was omitted from Sample 
Wells, and cells were cultured in the presence of Samples at 
various concentrations, and viable cell number was com 
pared with that in the cell control well. Surviving cell 
number was counted by the tetrazolium method for the 
microplate assay. 
2) Reverse Transcriptase ASSay 
a) Preparation of Host Cell and Virus 

Each virus was obtained from ATCC. FIV was cultured 
with CRFK cells in Eagle's balanced salt medium contain 
ing 10% FBS, and the Supernatant was used as the virus 
Stock. As FeLV was used ATCC VR-717. 
b) Preparation of Sample 
Compound related to Example 29 was diluted with the 

medium to Similar concentrations described above. 
c) ASSay Procedure 

For each Single Strain of virus, the assay was performed 
in the following combinations of conditions. 

Culture medium 
Culture medium + cell 
Culture medium + cell + sample 
Culture medium + cell + virus 

Medium control well 
Cell control well 
Cytotoxicity well 
Virus control well 
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-continued 

test well 
Color control well 

Culture medium + cell + virus + sample 
Culture medium + sample 

After CRFL cells were cultured in monolayer in 96-well 
microplates, the Supernatant was discarded. Then, to the 
medium control well, the cell control well and the virus 
control well was added the medium (0.2 ml), and to the 
cytotoxicity well, the test well and the color control well was 
added the diluted sample solution at 0.2, 0.1, and 0.2 ml, 
respectively, and incubated under the 5–7% CO2 atmosphere 
at 36-38 C. for 1 h. Then, Supernatants of the virus control 
well and the test well were discarded, and the virus stock 
(0.1 ml) was added, and incubated further for 1 h. The, after 
Supernatants were removed, and, to the virus control well 
was added the medium (0.2 ml), and to the test well the same 
Volume of the diluted Sample, then the incubation was 
further continued. 
Reverse Transcriptase Assay by ELISA 

Using Supernatants as the Sample from the cell control 
well, the virus control well and the test well, the reverse 
transcriptase of FIV or FeIV antigen contained therein were 
quantitated using assay kits from Amersham LIFESCIENCE 
and Synbiotics, respectively. Anti-Viral activity was 
expressed as that ratio (%) of the value of the test well to that 
of the virus control well after both values were Subtracted 
with the value of the cell control well, respectively. 
Cytotoxicity ASSay 

Viable cell numbers in the cytotoxicity well and the cell 
control well were counted by the tetrazolium method for 
microplate assay similarly as described above, and the 
cytotoxicity was expressed as the ratio (%) of the cell 
number of the former to that of the latter. 
Anti-viral Activity Other than HIV and Cytotoxicity 

Results of anti-viral activity assay are shown in the table 
below. 

TABLE 3 

Anti-viral activity of compound related to Example 29 

ICSO (Il M 

Virus Example 29 Acyclovir 

Herpes simplex II virus 45.2 21.6 
Respiratory syncytial virus 5.1 
Parainfluenza virus 37.6 
Feline immunodeficiency virus 4.5 
Feline leukemia virus 58.3 

These results indicate that the compound related to this 
invention has not only the anti-HIV activity but also the 
anti-viral activity against other viruses. 

Furthermore, when CC50s were calculated for each virus 
by the similar method as described above, they all exceeded 
the value 500 uM. Compounds related to this invention have 
the anti-Viral activity against other viruses and low 
cytotoxicity, indicating that they are not only effective in 
treating various diseases but also highly Safe in the living 
body and effective as therapeutics. 
Anti-coagulation Activity 
To the human plasma (400 ul) were added compound 

diluted with physiological saline (500 ul) followed by 2% 
calcium chloride solution (100 ul), and the mixture was 
incubated at 37 C. for 30 min to determine the minimum 
concentration (uM) of Said compound to exhibit the anti 
coagulant activity. Plasma coagulation was judged with the 
naked eye. 
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Toxicity Study 
Compounds were intravenously administered to mice, and 

LD50s (mg/kg) were determined. 
Results of Anticoagulant Activity ASSay and Toxicity Study 

TABLE 4 

Minimum concentration exhibiting LDSO 
anticoagulant action (u M) (mg/kg) 

Dextran sulfate 0.5 
Example 12 900 2OOO 
Example 13 1200 2OOO 
Example 29 900 2OOO 

These results indicate that compounds related to this 
invention are generally low not only in the cytotoxicity but 
also in the anticoagulant action, especially with compounds 
related to Examples 12, 13 and 29, furthermore they are low 
in the toxicity compounds related to Examples 12, 13 and 
29, furthermore they are low in the toxicity to the living 
body. Therefore, it is obvious that pharmaceutics containing 
compounds related to this invention at the effective doses are 
preferable as drugs. 

Effective dose of compounds related to this invention or 
the Salts thereof can be determined by the general method 
well known to those skilled in the art including the method 
of establishing the dose-reaction curve in appropriate animal 
model or non-human primate and extrapolating its data to 
humans, or that of determining the dose in the clinical test. 

Preferable doses of drugs, anti-viral agents and anti-HIV 
agents related to this invention are varied by various factors 
Such as the Severity of disease, body weight and age of 
individuals, half life of drug in the blood circulation, etc., 
and they can be easily determined by those skilled in the art. 

Medicine related to this invention can be administered by 
Various way S Such as intravenous injection, oral 
administration, inhalation, etc. Pharmaceutical carriers, dilu 
ents and excipients can be easily Selected by those skilled in 
the art according to the clinical use of drug, and, if necessary, 
Supplements such as disintegrator, binder (including 
liposome), Surfactant, emulsifier, buffer, Solubilizing agent 
or preservative are added to make liquid preparation, emul 
Sion or Suspension. 
AS described above, novel compounds related to this 

invention have significant effectiveness Such as not only the 
high antiviral activity but also the low cytotoxicity. 
Therefore, novel compounds related to the present invention 
are optimal as the antiviral agent. 

Also, Since novel compounds related to the present inven 
tion are low not only in the anticoagulant action but also in 
the toxicity to the living body, pharmaceutical preparations 
containing them in effective doses are preferable as medi 
cine. In View of the bleeding tendency observed particularly 
with HIV patients, it is obvious that these novel compounds 
are extremely useful as the anti-HIV medicine. 
What is claimed is: 
1. A compound or the Salt thereof which is a glycoside 

comprising a monosaccharide-lipid, wherein Said lipid moi 
ety is linked to the anomeric carbon of Sialic acid or KDN, 
and all the hydroxyl groups of Said Sialic acid moiety or 
KDN moiety are sulfated. 

2. The compound or the Salt thereof according to claim 1, 
wherein the bond between said sialic acid moiety or KDN 
moiety and Said lipid moiety is an O-glycosidic linkage or a 
S-glycosidic linkage at position 2 of Said Sialic acid moiety 
or KDN moiety, or an amide linkage at position 1 of Said 
sialic acid moiety or KDN moiety. 
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3. The compound or the Salt thereof according to claim 2, 

wherein Said lipid moiety is linear, and this linear lipid has 
a branched chain Structure. 

4. The compound or the Salt thereof according to claim 3, 
wherein Said branch is located at position 2 of a main chain 
of Said lipid moiety. 

5. The compound or the Salt thereof according to claim 4, 
wherein Said lipid moiety has two chains due to Said 
branching. 

6. The compound or the Salt thereof according to claim 5, 
wherein Said lipid moiety has an alkyl group with 1 to 4 
skeleton-forming atoms at a Site of Said branching. 

7. The compound or the Salt thereof according to claim 6, 
wherein the total number of skeleton-forming atoms of Said 
lipid moiety is 22 to 60. 

8. The compound or the salt thereof according to claim 7, 
wherein Said branched chain contains an unsaturated bond 
between carbon atoms. 

9. The compound or the salt thereof according to claim 7, 
wherein Said branched chain is linear. 

10. The compound or the salt thereof according to claim 
7, wherein Said branched chains comprise ester linkage or 
ether linkage. 

11. The compound or the Salt thereof according to claim 
10, wherein Said ester linkage or ether linkage is localized at 
position 1 or 2 of Said branched chain. 

12. The compound or the Salt thereof according to claim 
7, wherein a number of skeleton-forming atoms per one 
branched chain is 10 to 28. 

13. The compound or the Salt thereof according to claim 
12, wherein a number of skeleton-forming atoms per one 
branched chain is 18 to 26. 

14. The compound or the Salt thereof according to claim 
13, wherein a number of Skeleton-forming atoms per, one 
branched chain is 24. 

15. The compound or the salt thereof according to claim 
14, wherein Said branched chains are of the same length, 
respectively. 

16. The compound or the Salt thereof according to claim 
15 wherein Said branched chains are of the same Structure, 
respectively. 

17. The compound or the salt thereof according to claim 
16, wherein Said branched chains have ester linkage or ether 
linkage at position 1 or 2 of Said branched chains. 

18. The compound or the salt thereof according to claim 
17, wherein said branched chains are linear. 

19. A pharmaceutical composition comprising a com 
pound according to claim 1 at a pharmacologically effective 
dose to provide anti-Viral activity. 

20. An antiviral agent comprising a compound according 
to claim 1 at a pharmacologically effective dose to provide 
anti-viral activity. 

21. An anti-HIV agent comprising a compound according 
to claim 1 at a pharmacologically effective dose to provide 
anti-viral activity. 

22. A pharmaceutical compound comprising a pharmaco 
logically effective dose of a glycoside compound or Salt 
thereof comprising a monosaccharide-lipid, wherein Said 
lipid moiety is linked to the anomeric carbon of a nonulonic 
acid derivative, and all the hydroxyl groups of Said nonu 
lonic acid moiety are Sulfated. 

23. A pharmaceutical composition of claim 22, wherein 
Said nonulonic acid moiety comprises Sialic acid or KDN. 
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24. The compound or salt thereof according to claim 17, 
wherein said compound is Sodium (2,2-bis(docosyl 
oxymethyl) propyl 5-acetamido-3,5-dideoxy-4,7,8,9-tetra 
O- (Sodium oxysulfonyl)-D-glycero-O-D-galacto-2- 
nonulopyranosid)onate or an acid form thereof. 

25. The compound according to claim 24, wherein one or 
more Sodium atoms is replaced by a different cation. 

26. The compound according to claim 25, wherein Said 
different cation is potassium. 

40 
27. A pharmaceutical composition comprising a com 

pound according to claim 24, and a pharmaceutically accept 
able carrier. 

28. A pharmaceutical composition comprising a com 
pound according to claim 25, and a pharmaceutically accept 
able carrier. 

29. A pharmaceutical composition comprising a com 
pound according to claim 26, and a pharmaceutical accept 
able carrier. 
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